Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



"Williani Collins, Sons, & Co-'s Educational "Wor^s. 

COLLINS' ELEMENTARY AND ADVANCED SCIENCE SERIES. 

Adapted to the requirements of the South Kensington Syllabus^ for Students in 
Science and Art Classes, and Higher and Middle Class Schools, 

ELEMKNTART SERIES, 

Printed uniformly in Fcap, %vo^ fully Illustrated^ cloth letter ed^ price \s. each Vol. 

1. PRACTICAL PLANE & SOLID GEOMETRY. By H.- Angel, 

Islington Science School, London. 

2. MACHINE CONSTRUCTION AND DRAWING. By E. Tomkins, 

Queen's College, Liverpool. 2 V^oIp. 
3A BUILDING CONSTRUCTION— Stone, Brick, and Slati Work. 

By R. S. Burn, C.E., Manchester. 2 Vols. 
3B BUILDING CONSTRUCTION— Timber and Iron Work. By R. 

S. Bum, C.E., Manchester. 2 Vols. 

4. NAVAL ARCHITECTURE— Shipbuilding and Laying off. By 

S. J. P. Thearle, F. R.S.N. A., London. 

5. PURE MATHEMATICS. By Lewis Sergeant, B.A., (Camb.,) London. 

6. THEORETICAL MECHANICS. By William Rossiter, F.R.A.S., 

F.C.S., London. 

7. APPLIED MECHANICS. By William Rossiter, F.R.A.S., London. 

8. ACOUSTICS, LIGHT AND HEAT. By William Lees, A.M., 

Lecturer on Physics, Edinburgh. 

9. MAGNETISM AND ELECTRICITY. By John Angell, Senior Science 

Master, Grammar School, Manchester. 

10. INORGANIC CHEMISTRY. By Dr. W. B. Kemshead, F.R.A.S., 

Dulwich College, London. 

11. ORGANIC CHEMISTRY. By W. MarshaU Watts, D.Sc., (Lond.,) 

Grammar School, Giggleswick. 

12. GEOLOGY. By W. S. Davis, LL.D., Derby. 

13. MINERALOGY. By J. H. Collins, F.G.S., Royal CornwaU Poly- 

technic Society, Falmouth. 

14. ANIMAL PHYSIOLOGY. By John Angell, Senior Science Master, 

Grammar School, Manchester. 

1 5. ZOOLOGY. By M. Harbison, Head-Master Model Schools, Newtonards. 

16. VEGETABLE ANATOMY AND PHYSIOLOGY. By J. H. 

Balfour, M.D., Edinburgh University. 

17. SYSTEMATIC AND ECONOMIC BOTANY. By J. H. Balfour, 

M.D., Edinburgh University. 

19. METALLURGY. By John Mayer, F.C.S., Glasgow. 

20. NAVIGATION. By Henry Evers, LL.D., Plymouth. 

21. NAUTICAL ASTRONOMY. By Henry Evers, LL.D. 

22A STEAM AND THE STEAM ENGINE— Land and Marine. By 

Heniy Evers, LL.D., Plymouth. 
22B STEAM AND STEAM ENGINE ^LocoMOTiVKy By Henry Evers, 

LL.D., Plymouth. 

23. PHYSICAL GEOGRiV^ kS. 

24. PRACTICAL CHEMIl 

25. ASTRONOMY. By J 

Jjondon, JEtdinbnrghf 




1. 



'William Collins, Soxu, & Ca's Bduoational 'Works. 

ADVANCED SCIENCE SERIES, 
jfdapted to tJk requirements of the South Kensington Syllabus, for Students in 

Science and Art Classa^ mnd Higher and Middle Class Schools, 
In the Pre88f and in Preparation, Post 8vo, fully Illustrated, chth 

lettered, price Se, 6d, each volume* 
1. PRACTICAL PLANE AND SOLID GEOxMETRY. By Profeaoc 
F. A Bradley, London. 

a. MACHINE CONSTRUCTION AND DRAWING. By E. Tomkina^ 
Queen*! College, Liverpool. 2 Vols. 

3. BUILDING CONSTRUCTION. By R. Scott Burn, CE. 

4. NAVAL ARCHITECTURE— Shipbuilding and Laying off. Bf 

S. J. P. Thearle, F. R.S.N. A., London. 

5. PURE MATHEMATICS. By Edward Atkins, B.Sc., (LonlJ 

Ldceiter. 

d. THEORETICAL MECHANICS. By P. Guthiie Tai^ Professor of 
Natnnl Philosophy, Edinburgh. 

7. APPLIED MECHANICS. By Professor O. Reynolds^ Owens College^ 
Manchester. 

S. ACOUSTICS, UGHT AND HEAT. By W* S. Davis, LL.D., 
Derby. 

9. MAGNETISM AND ELECTRICITY. By F. Gothric, B. A, Ph.D., 
Royal School of Mines, London. 

10. INORGANIC CHEMISTRY. By T. E. Thorpe, Ph.D., F.R.S.E., 

Professor of Chemistry, Andersonian Univerutj, Glasgow. 2 Vols. 

11. ORGANIC CHEMISTRY. By James Dewar, F.R.S.E., F.C.S., 

Lecturer on Chemistry, Edinburgh. 

12. GEOLOGY. By John Young, M.D., Professor of Natural Hiitory, 

Glasgow University. 

14. ANIMAL PHYSIOLOGY. By J. Cleland, M.D., F.R.S., Professor 

of Anatomy and Physiology, Gal way. 

15. ZIOOLOGY. By£. Ray Lankester, M.A., (Ozon.,) London. 

16. VEGETABLE ANATOMY AND PHYSIOLOGY. By J. H. 

BaUbur, M.D., Edinburgh University. 

17. SYSTEMATIC AND ECONOMIC BOTANY. By J. H. Balibur, 

M.D., Edinburgh University. 

19. METALLURGY. By W. H. Greenwood, A.R.S.M. 2 Vola. 

20. NAVIGATION. By Heniy Evers^ LL.D., ProfesMr of Applied 

Mechanics, Plymouth. 

ai. NAUTICAL ASTRONOMY. By Hemy Even, LL.D., Plymouth. 

22. STEAM AND THE STEAM ENGINE—Land, Marink, and 

LocoMonvx. By Henry Evers, LL.D., Plymouth. 

23. PHYSICAL GEOGRAPHY. By John Young, M.D.^ Profeawt ^1 

Natural History, Glasgow University. 



"London, IBdinburgh, and Herriot "HiWWoTVui, Griaa'SPs^- 



«oIlm»' (SlemnttarB Stimn Striis. 



ELEMENTARY XEEATISE 



NAUTICAL ASTRONOMY. 



SCIENCE CLASSES AND SEAMEN. 



HENRY EVERS, LL.D., 

1, CBABUa SCIEHCE BCHOOt, 



m i 




LONDON AND OLASaOW: 

WIILIAM COLLINS, SONS, & COMPANY. 

IS13. 



///,. ;J ^S» . 



PREFACE. 



We know of no previous attempt to simplify Nautical 
Astronomy, or of any attempt whatever to give the 
rudiments of the science by themselves for the benefit 
of beginners. It is therefore hoped that this effort 
will be viewed with a little favour in consequence. 
It will be found that the simpler parts of Nautical 
Astronomy are not so abstruse after all, if the learner 
will but give a little time, patience, and attention to 
the study. The Author is aware that he does not 
address himself to a very large audience, yet hopes 
that this small volume may be the means of inducing 
many to read what has hitherto been considered a 
difficult subject. 



H. E. 



PjiiYMOUTH, May 187^, 
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NAUTICAL ASTRONOMY. 



CHAPTER I. 



Definitions — Poles — ^Celestial Equator — Circles of Declination, 
or Hour Circles — Six o*Clock Hour Circle — ^Parallels of De- 
clination — ^Zenith — ^Nadir — ^Horizon (Sensible, Eational, and 
Visible) — Circles of Altitude — ^Azimuth or Vertical Circles — 
Celestial Meridian— Prime Vertical — ^Altitude — ^Declination 
— ^Polar Distance — Bight Ascension — Right Ascension of 
Meridian — Ecliptic — Circles of Latitude — Latitude and 
Longitude — ObIi(|uity of Ecliptic — Equinoctial Points — 
Signs of the Zodiac — Equinoxes — ^Precession of the Equi- 
noxes — Shape of Earth — ^Axis — ^Poles — Equator — ^Equatorial 
and Polar Diameters — Compression — Proofs of Earth's 
Sphericity. 

1« Definitions. — Nautical Astronomy is the application 
of astronomical facts and deductions to nautical purposes. 
It is a science founded on observation and astronomical 
data, applied to the purposes of the navigator. 

Nautical Astronomy is a science which treats of the 
positions of the heavenly bodies on the celestial concave, 
and from their relative position it gives the mariner 
rules to find his on the earth's surface. 

It has been suggested that Navigation proper should be 
called Geo-ncmgatiortf and Nautical Astronomy Gelo- 
narngatum. They would certainly be more exact terms 
for the student, but might prove a little difficult to the 
sailor. 

The position of a heavenly body is genei-ally referco^^p 
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to two great circles drawn on the celestial concave, the 
celestial eqiuztor, and the ecliptic, 

2. Poles of the Heavens. — ^If the axis of the earth be 
produced both ways to meet the heavens, it would in- 
dicate the position of the celestial poles. Could a person 
stand at the north pole of our earth, the north pole of the 
heavens would be exactly over his head. 

The whole celestial concave appears to turn upon the 
two poles as upon two points. Every circle of the sphere 
parallel to the celestial equator has one of these points 
for its pole, every point in such circle being equi-distant 
from it. 

3. A Great Circle is one that divides the sphere into 
two equal parts. 

4. Celestial Equator. — ^The plane of the terrestrial 
equator produced to the sky shows the celestial equator; or, 
the celestial equator is a circle described on the heavens 
by the plane of the earth's equator produced. It is called 
the equinoctial. 

5. Circles of Declination, or Hour Circles, are great 
circles of the celestial sphei*e passing through the poles of 
the heavens, and cutting the equator or equinoctial at 
right angles. They are the plaaes of our meridians ex- 
tended to the heavens. « 

6. Six o'clock Honr Circle is the circle of declination 
which passes through the east and west points of the 
horizon. 

7. Parallels of Declination are small circles parallel 
to the celestial equator, passing through all points of 
the celestial sphere that have the same declination. They 
are the planes of the parallels of latitude extended to the 
heavens. Thus it will be perceived that declination on 
tlie celestial sphere corresponds to latitude on tlie earth, 

8. Zenith is the point of the heavens exactly over the 
observer's head. 

9. Nadir is the point in the celestial concave exactly 
site the observer's feet. It is therefore diametrically 

ite the zenitL 



^^^inposii 
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10. Horizon. — We liave the sensible horizon, the ra- 
tianal horizon, and the apparent or visible horizon. 

11. Sensible Horizon. — ^The sensible horizon is shown 
by a plane touching the earth at the spectator's feet, and 
then extended to the celestial concave. 

12. Rational Horizon. — Eational horizon is shown by 
a plane through the centre of the earth drawn parallel 
to the visible horizon, and cutting the sky. 

13. Visible Horizon. — ^The apparent or visible horizon 
is where the sky and earth appear to meet, forming a 
circle round the spectator, of which he is the centre. 

14. Circles of Altitude — ^Azimnth or Vertical Circles. 
— ^A circle of altitude is a great circle of the celestial 
sphere, passing through the zenith and nadir, and cutting 
the horizon at right angles. They are also called azimuth 
or vertical circles. 

15. Parallels of Altitude are less circles of the sphere 
parallel to the horizon, passing through all objects that 
have the same altitude. 

16. Celestial Meridian, or Meridian of the Observer 

is the circle of declination passing through the poles of 
the heavens and the zenith and nadir of the observer, and 
consequently the north and south points of the horizon. 
This vertical circle sweeps daily over the heavens from 
west to east, but, g£ course, it appears fixed, and all the 
celestial bodies seem to pass over it once a day. 

17. Bight Ascension (B. A.) of an Object is the arc 
of the equator intercepted between the first point of 
Aries and the circle of declination passing over that object; 
or R. A., for so right ascension is abbreviated, is the 
angle at the pole between two hour circles, one passing 
through the first point of Aries, the other over the place 
of the object. 

18. Bight Ascension of the Meridian is the arc of 
the equator intercepted between the first point of Aries 
and the celestial meridian. It is reckoned eastward, 
foDowing the order of the signs of the zodiac. 

19. Azimuth. — The azimuth is the an^le afc t\i<^ tisbS 
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between two circles of altitude^ one passing throiigli the 
north and south points of the horizon, the other over a 
celestial object; or it is the arc of the horizon lying 
between the south point in north latitude and the north 
point in south latitude, and a circle of altitude passing 
through any celestial body. 

20. Amplitude of a heavenly body is its distance from 
the east point when rising, and west point of the horizon 
when setting. 

21. Ecliptic is the circle which the sun appears to de- 
scribe annually among the fixed stars; or it is the appar- 
ent path of the sun in the sky. It is therefore the true 
equator of the heavens. No eclipse can take place unless 
the moon is in the ecliptic, hence its name. 

22. Circles of Latitude are great circles of the celes- 
tial concave passing through the poles of the ecliptic, and 
therefore cutting the ecliptic at right angles. 

The Latitude of a heavenly body is the arc of a circle 
of latitude intercepted between the body and the ecliptic. 

The Longitvde of a celestial object is the arc of the 
ecliptic, intercepted between the first point of Aries and a 
circle of latitude passing over the body. 

Note, therefore, that celestial latitude and longitude 
refer to the ecliptiCf and not to the equator. 

The angular distance of the hour circles is reckoned 
from the first meridian westwards. 

23. Prime Vertical is that circle of altitude passing 
through the observer's zenith and nadir and the east and 
west points of the sky, its plane is, therefore, at right 
angles to that of the celestial meiidian. It is called 
prime because the angular distances at which bodies rise 
or set are measured from it ; an object rising exactly on 
it at the equator will describe a great circle in the sky 
perpendicular to the horizon. 

24. Altitude of an Heavenly Body is the angular 

distance of that body from the horizon measiired on 
a vertical circle, its complement is called the zenith dis- 
tance. 
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Other definitions of altitude are given farther on, 
where we treat of altitudes. 

25. Zenith Distance is the angular distance of an 
object from the observer's zenith, measured on a circle of 
altitude. 

26. Declination of a celestial object is its angular dis- 
tance from the celestial equator. Its complement is the 
'pohrr distcmce. 

27. Polar Distance is the angular distance of an 
object from the pole, and does not correspond to terres- 
trial polar distance; right ascension and declination 
correspond to latitude and longitude on the terrestrial 
sphere. 

28. Obliquity of the Ecliptic is the inclination of the 
ecliptic to the equator, or it is the angular distance 
between the pole of the ecliptic and the pole of the 
equinoctial. The angle at which the ecliptic inclines to 
the equator for January 1, 1874, is 23^ 27' 20"-41, but 
varies a little. The obliquity of the ecliptic is the cause 
of the seasons ; for it foUows that the axis of the earth 
must be inclined to the plane of her orbit at an angle 
of 66° 32' 40". 

29. Equinoctial Points are the two points in which 
the ecliptic cuts the equator. They are called the first 
point of Aries and first point of Libra. 

The Zodiac is a zone extending about 8° on each side 
of the ecliptic, and is divided into 12 divisions, called tho 
signs of the zodiac. 

80. The Signs of the Zodiac are twelve :— 



Earn 
Aries 

lion 
Leo 

Archer 
SagUtarius 



Bull 
Taurm 

Virgin 
Virgo 

He-goat 
Caprtcornus 



Twins 
Gemini 

Scales 
Libra 

Waterman 
Aquarius 



Crab 

Cancer 

Scorpion 
Scorpio 

Fishes 
Pisces 



These aro easily remembered from the following 
rhyme : — 
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The ramt tlie hull, tlie heavenly twins^ 
And next the crab the lion shines, 
The virgin and the scales, 
The scorpUm, archer, and he-goai, 
The man that bears the watering pot, 

Audi fish with glittering scales. , 

• 

81. The Equinoxes are the periods of the year in 
"whicli the days and nights are equal all over the world. 
There are two equinoxes, the Vernal in Spring, and 
Autumnal in Autumn, the former happening about 
March the 20th, and the latter about the 22nd of Septem- 
ber ; these are the two dates on or near which iihe sun 
crosses the celestial equator, when its declination for an 
instant vanishes, and changes from south to noi'th in 
March; and from north to south in September. 

82. The Precession of the Equinoxes is the retro- 
grade motion of the equinoctial points along the ecliptic 
at the rate of 50"'224 per annum. The equinox goes 
backwards from east to west annually to meet the sun 
the space of 50"*224, so that a complete revolution will 
be effected in 25,868 years. Each year the equinox pre- 
cedes the previous one by about 3 minutes 20 seconds. 
It may be illustrated thus : it is found that the latitude 
of a star never alters, it is constant; but the longi- 
tude alters every year, increasing 50*224 seconds of arc. 
The vernal equinox coincided four thousand years ago 
-with the constellation of stars named Aries; but on 
account of the uniform regression along the ecliptic of 
the equinoctial point, this point is now moved backwards 
into the constellation Pisces ; but it is still customary in 
astronomical, nautical, and mathematical works to call 
the vernal equinox the first point of Aries. 

Hitherto no reference has been made to the shape, size, 
etc., of the earth ; as these have an important bearing on 
the science of nautical astronomy, they must not be 
omitted. 

88. The Shape of the Earth is an oblate spheroid, 

a sphere slightly flattened at the poles. 
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84. Axis. — ^The axis of the earth is an imaginary line 
upon which it is supposed to turn once in twenty-four 
hours. 

85. Poles. — ^The ends of the axis are the north and 
south poles respectively. 

86. The Equator is a great circle drawn round the 
middle of the earth at equal distance from the two poles. 

We have already presumed that the student is 
thoroughly well acquainted with the four preceding defini- 
tions, but they are repeated for convenience. 

87. The Equatorial Diameter is a line passing 
through the centre of the earth, terminated at both ends 
by the equator. 

88. The Polar Diameter coincides with the axis of the 
earth. 

' These two diameters are not of the same length. Pro- 
fessor Airy has calculated them, and gives their lengths 
as imder : 

Equatorial diameter is 7925*648 miles long. 
Polar „ „ 7899170 „ „ 

Average „ „ 7912409 „ „ 

Bessel, the great Prussian astronomer, gives them thus : 

Equatorial diameter is 7925-604 miles long. 
Polar „ „ 7899114 „ „ 

Average „ „ 7912*309 „ „ 

According to Airy the equatorial. diameter is longer 
than the polar by 26*478 miles, which is obtained from 
the above by simple subtraction. Bessel's calculation will 
give the difference 26*49 miles ; both calculations being 
made independently, it is astonishing how nearly they 
coincide, which fact shows the closeness and correctness 
of the rea«,mng employed in each caae. 

89. Compression. — ^The ratio of the difference between 
the polar and equatorial diameter to the equatorial dia* 
meter is called the compression. 

From Professor Air/s calculation the 

Pn«,«,.Aa«*n« - 26*478 _ 1 1 „^. ,^ 

t/ompression = -— = -~- -rrs. nearly. 

^ 7925*648 299*69" 3lW ^ 
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It is seen that both give the same reauli, viz., the 
Mmpression is ^^ part <^ the eqimtorial diameter. 
40. ninatratioilB of Deflnitiooe. — Let the annexed 




representation of the 
celestial sphere; e the 
earth. 

Let E A Q represent 

the celestial equator, 

while its poles are at 

n taid g. Let O A. q 

represent the ecliptic, 

while its poles are at 

N and S', A, or where 

the equinoctial and the 

ecliptic intersect, is the 

first point of Aries, 

generally represented 

by the sign T . 

If we suppose S to be the place of the sun, a star, or 

other celestial object, we can now show what is meant by 

its latitude, longitude, R. A., declination, polar distance, 

etc. 

AB is the B. A. of 8, or angle AnB is the right 
ascension. S B is the declination of the object S. A^, 
or angle An I, is the longitude, and SI is the latitude of 
a celestial object situated at 8. Since S B is the declina- 
tion, the polar distance is Sn. 

Next figure will show the altiivde, zenith, nadir, 
zenith diatanee, polar distance, declination, aawnuth, etc. 

Let this be a projection of the sphere on the plane of 

the meridian P E^ O. The point C is either the east or 

west point of the horizon, H the south, and the north. 

L H is the horizon of the obeervcr ; P^ is the axis of the 
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heavens ; E Q is the equinoctial; P is the pole; Z is the 
zenith of the observer ; N is the nadir. 

Tp will represent the six 
o'clock hour circle, while Z N 
will represent the prime vertical 

Let C be the centre of the 
earth and sphere. Let S be the 
position of any celestial object. 
Then S A is its altitude; then 
S Z is its zenith distance; Bd ia 
its declination; and S P is its 
polar distance. 

The angle ZPSorEPrfia 
the hour angle, the distance of the object froin the meri- 
dian. The angle H Z A ia ib^ azimuth. 

There is yet another mode of iflustTating thes^ pq8%tio^9 
of cm heavmly ol^ect 

Let this be a projection of a 
sphere on the plane of the horizon, 
or on the suppositioi^ th^t the eye 
of the observer is at. his zenith 
looking directly ciown on to the 
centre of the earth. H W A E: 
is the horizon, Z the zenithi^ 
H Z A ia the nieridian, and 
WZ E the prii^ vertical. ZSA 
is a circle Qi ^.Itltude or azimuth 
circle; P is the pole, and let S be 

the positioA of a^ object ; then A S ia the altitude of the 
object; S Z is the ^nitl^ distance of the object ; S P is 
the pcjar distance of th,e oligeot ; and if W Q E be th^ 
oele^ial equator, then S: c^ is the declination of the qbj^t ;^ 
S P 8 is the hour angle of the object ; P ^ 9i is. th^ 
i^umith of the. object, 

41. The Earth is a Sphere.— l^e chief ilhistrations ta 
show the rotundity of the earth are these ; — 

(a) A person standing close to the water on the nes^. 
shpro, %nd watching the approach of a ^hip ^^^r fHViL 
21 9 • i 
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would first, with a good telescope, see the topmast and 
topsail, then the lower sails, next the deck and the hull; 
whilst, were the ship leaving the land, he would first lose 
sight of the hull, then the lower sails and yards, next 
upper sails and upper yards, and, lastly, the topmast. 
So, if two ships at sea catch a sight of each other^ and 
then sail towaitls the same point in the horizon, or meet, 
the same appearance is pi'esented ; first the mast heads 
appear in sight to each other, then, in their order, the 
upper sails, lower sails, and hull. Were the earth a flat 
plane, the very opposite to the above would take place ; 
for the hull, being the largest y would first appear to view, 
or would be the last to disappear, while the smaller masts 
and sails would be the first to disappear in the distance, 
or the last to come into sight as the vessel approached 
the spectator. 

{h) Ships, by keeping constantly on a westerly or 
easterly course, have returned to the same place again ; 
i.e., they have set sail say from the Cape of Good Hope, 
and have sailed westerly roimd Cape Horn, held on the 
same course by Australia, and have come across the 
Indian Ocean from the east, finally reaching the Cape 
again. This takes place in every direction on the earth's 
surface, therefore it is a globe. 

(c) As we proceed from any given place north or south, 
new constellations in the heavens continually make their 
appearance, while others sink from view. This can only 
take place on the supposition that the eai*th is round 
from north to south. It is the same shape from east to 
west, or else a watch correct in London would be correct 
at Constantinople or New York, and would show true 
time wherever it was carried; but we know that as we 
go towards the east, the watch is too slow, and if towards 
the west, too fast. "We are well aware that this fact 
proves that the earth moves from west to east ; but it 
also proves that the earth is a sphere, for if it were 
a plane, the sun would light up the wlwle surface at 
the same instant, or as soon as the plane turned to- 
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wards the sun, and all clocks would indicate the same 
time. 

(d) In making trigonometrical surveys, it is constantly 
necessary to lay down large triangles on the surface of 
the earth, and when the three angles of these triangles 
are measured by proper instruments, it is invariably 
found that their sum is greater than three right angles, 
1.6., they are therefore spherical triangles and lie on a 
spherical surface; therefore we are at liberty to take this 
circumstance as an additional proof of the sphericity of 
the earth. 

(e) When an eclipse of the moon takes place, the 
shadow of the earth is projected upon the moon. This 
shadow is always circular, therefore the earth is a sphere. 

(/) Arcs of great circles of the earth have actually 
been measured. 

There are other proofs of the earth's sphericity, but 
the above are sufficient for present piirposes.* 

* The teacher is recommended to obtain Glossary of Ifaviga- 
iion, by the Rev. J. B. Harbord, where he will ob^in a capital 
insight into all definitions connected with navigation and nautical 
astronomy. 




CHAPTER II. 

THE DAY AND TIME. 

Measure of Time-^Mean juid Apparent Time — Equation of Time 
— ^Apparent and Mean Noon — Mean and Apparent Solar 
Day— Sidereal Day — The Year — Civil and Astronomical 
Time — ^Time and j^c — ^To Convert Arc into Time and Time 
into Arc — Examples — ^Boles — Greenwich Date — Examples. 

42. The Mean Sun. — The earth moves on its orbit 
round the sun at varying velocities; at one time, in winter, 
in the northern hemisphere, moving much quicker than 
at another. It moves at its minimum velocity when it 
is summer in our hemisphere. The sun, in its rising, its 
meridian altitude, and in its setting, is the great measurer 
of time, it also regulates the return of the seasons and 
sets their bounds; but because the sun moves irr^ularly 
(in reality the earth), his measures of time are a little 
defective; therefore, as astronomers would be put to very 
great inconvenience if they had no correct marker of 
equal intervals of time, they have had to devise means 
to compensate for the sun's irregularities. The means 
provide! to carry out this object is an imaginary sun, 
called the mean sun, which is supposed to move uniformly 
along the equator at a daily rate of 59' S^-SS of arc, while 
the real sun, with his irregular motion, passes along the 
ecliptic. Because the earth moves quicker at one time 
than another (the student must carefully observe that we 
are speaking as if the sim moved, and not the earth), the 
mean sun will sometimes come to any given meridian 
before the real or true sun, and sometimes after it. 

48. Equation of Time. — The difference between the 
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times that the real and supposed sun come to the meridian 
is called the equation of time, or equation of time is the 
angle at the pole contained by two circles of declination 
passing over the centres of the t/rvs and mecm suns. It 
enables us to reduce apparent to mean time^ or mean 
time to apparent time. 

44. Apparent Noon. — ^When the true sun is exactly 
on the meridian it is apparent noon. 

45. Mean Noon.^When the fictitious, or mean sun, is 
exactly on the meridian it is mean noon. 

46. Sidereal Noon is when the first point of Aries is 
on the meridian. 

47. A Day is the interval between two successive 
transits of a celestial body across the same meridian. 

48. Mean Solar Day. — A mean aola/r day is the interval 
between two successive transits of the mean sun over the 
same meridian. 

49. Mean Time is time measured and indicated by the 
mean sun. It may also be defined as the angle at the 
pole included between the meridian and the circle of 
declination passing over the place of the mean sun. 

60. Apparent Solar Day. — ^An appa/rent solar day is 
the interval between two successive transits of the sun 
over the same meridian. 

6L Apparent Time is time measured and indicated by 
the apparent or true sun. It may also be defined as the 
angle at the pole included between the meridian and the 
circle of declination passing over the place of the true sun. 

62. Sidereal Day. — A sidereal day is the interval be- 
tween two successive transits of the same star over the 
meridian, or the transit of the first point of Aries over 
the meridian. 

63. Sidereal Time is the angle at the pole between the 
meridian and the circle of declination passing over the 
first point of Aries. 

64. Mean Solar Tear, or Mean Tropical Year, is the 
interval that elapses between the sun leaving the first 
point of Aries, and retuniing to it again. Because the 




22 NAUTICAL ASTRONOMY. 

first point of Aries has a slow retrograde motion, and the 
motion of the sun in the ecliptic is subject to irregulari- 
ties, solar or tropical years vary slightly. 

55. Sidereal Tear is the interval elapsing between 
the sun leaving any certain fixed star^ and returning to 
the same again. 

We have two modes of reckoning time: (1) the Civil; 
(2) the Astronomical. 

56. A Civil Day we reckon as beginning at one mid- 
night, and ending at the next mid-night. 

67. An Astronomical Day begins at one noon, and 
ends at the next noon; the astronomer also numbers his 
hours from to 24. 

Thus the difference between the civil and astronomical 
mode of reckoning time is, that in the former the day is 
supposed to commence immediately after 12 p.m., while 
in the latter it does not begin imtil noon, and runs the 
24 hours through. Civil and astronomical time agree 
when the former is p.m. time; but to obtain the latter 
from the former when it is a.m. time, it is necessary to 
add 12 hours to the given time, and take the day before. 
Thus, if civil time be May, 17th day lOh. 30m. p.m., 
the astronomical time is also May, 17th day lOh. 
30m.; but if the civil time be May, 18th day 2h. 
40m. 11 sec. a.m., the corresponding astronomical date 
would be May, 17th day 14h. 40m. Usee. The dis- 
tinction will be pointed out more clearly as we proceed. 

58. Time and Arc. — ^As the earth turns round once 
in 24 hours, every one of the 360°, into which all cii'cles 
are divided, will pass the sun in the 24 hours; 

, : in one hour ^ = 15° pass the sun, 

i.e.f of the 360° of longitude, 15° will correspond to one 
hour. 

Again, the 360° correspond to 24 hours, therefore V 
will correspond to -p, h. 

24x60 _ .^ 
360 
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To convert a/rc'into time: Multiply by 4 and divide 
by 60. 

1. Convert 40° 17' 18" into time. 

40° 17' 18' 
4 

6, 0)16,1° ^\r 

2h. 41m. 9'2sec. 

2. Convert 130° 25' 43" into time. 

130° 25' 43" 
£ 

6,0 )52,1° 4y &2!' 

8h. 41m. 42-8 sec. 

3. The difference of lon^tude between two places is 98** 41' 96' 
what it the difference* in tmie? Ana, 6h. 34m. 46'4flec. 

4. Convert 98° 27' 19" into time. 

Ana, 43i. 33m. 49'2sec. 

5. Given the difference of longitude between Plymouth and 
Bermuda 60° 30' 24' ; find the difference in time. 

Ana, 4h. 2m. l'68eo. 

6. Plymouth is in longitude 4? T 16" W., and Iquique Island 
in 70° 13' W. ; find the cUfference in time. 

Ana 4ii. ^^sxl. 22*9h6o 
One place is in longitude 125° 16' 24" E., another' in 143° 18' 36" 
W ; fiiMl l^e difference in time between the two places. 

Ana. 6h. 5m. 40Beo. 

To con/vert time into arc : Bring the given time into 
minutes and seconds^ and divide by 4. Work the 
decimals as in the second and third examples below. 

7. Convert 14h. 10m. 45sec. into arc. 

h. m. 860. 
14 10 45 
60 

4)850 45 



212° 41' 15" Ana. 
8. The difference in time between Valparaiso and the Cape of 
Good Hope is 6h. Qm. 19'26Bec. ; what is the difference in longi- 
tude? 

h. m. sec. 

6 19*26 '26 

60 60 

4 )360 19 15-6 15-66 

90" 4' 48"'9"-4n«. 
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9. Wliat if the difference in longitude between two places 
when one is 4h. 10m. 128ec. east of Greenwich, and the other 
6h. 7m. S'Ssec. west of Greenwich T 

h. m. aeo. 
Times 4 10 12 
6 7 3-5 

9 17 15-5 
60 



4)557 15 30 



139** 18' 62-5 Ans. 

10. When the dock shows 7h. 3m. 508ec. in the morning at 
New York, it is 2h. 2m. 53'46sec. in the afternoon at Odessa ; 
find the difference of longitude. 



n. m. 860. 
12 
Kew York 7 3 50 




4 56 10 
Odessa 2 2 53*46 


'46 
60 


6 59 3-46 
60 


27-60 


4)419 3 27-6 





104'* 45' 61" -9 Ans, 

XL Convert 138* 17' 0* into time. 

Ans. 9h. 13m. 8sec. 

12. The difference of longitude between two places is 73* 1' 0", 
what is the difference in time ? Ans. 4h. 52m. 4 sec. 

13. Find the difference of time between two places when the 
difference of longitude is 155° 32' 10". 

Ans, lOh. 22m. 8*66ec. 

14. When it is 2h. 10m. 15sec. in the afternoon at A it is six 
o'clock in the afternoon at B, what is the difference of longitude? 

Ans, 57° 26' 15". 

15. Convert 17' 18' 41" 3 into time. 

Ans. Ih. 9m. 14*75 sec. 

16. It is required that llh. 18nL 19sec. of time be converted 
into arc ; find the arc. Ans. 169° 34' 45". 

17. When it is lOh. 30m. A.M. at a place in west longitude it is 
6h. 9nL lOsec. p.m. at one in east longitude, what number of de- 
grees of longitude are the places apart ? Ans. 99° 47' 30". 

18. Convert 9h. 11m. 17*38ec. into arc. 

Ans. 137° 49' 19" -6 

19. What number of degrees, minutes, and seconds of arc cor 
respond with 15h. 11m. 18sec. ? Ans. 227° 49' 30"* 
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Before proceeding further with these questions, it will 
be well to give the reasons for the two foregoing rules, 
and then show clearly how to find the corresponding time 
at a place when we know the hour at another with the 
longitude of both places, or at least the difference of 
longitude. 

It has been proved that 15° of longitude corre- 
sponded to one hour of time, therefore if we divide any 
given arc by 15, it must give us the dorrespon^ing time 
in hours, minutes, and seconds : since 15 = V, it is evi- 
dent that if we have to divide any given number by' 15 
it will come to the same thing if we multiply by 4 and 
divide by 60. It will be seen by a glance at the few 
preceding examples that it is much easier to multiply 
by 4 and divide by 60 than divide by 15. Hence the 
reason for the rule by which arc is converted into time. 

The second rule, or the rule by which time is converted 
into arc, is derived also from Art. 58, where it was 
shown that dm. of time are equivalent to 1° of arc. 
Hence it is evident that if we bring any given time into 
minutes, and divide by 4, we shaU have the corresponding 
arc in degrees, minutes, and seconds of arc. 

As regards the time at place when one place is east 
and the other west of Greenwich, this will easily be 
understood if we suppose that as the earth turns round 
from west to east, the places to the east will come oppo- 
site the sun before those lying farther west. Bombay 
will turn toward the sun before Aden, Aden before Con- 
stantinople, Constantinople before Paris, Paris before 
New York, etc. Hence it is evident that if one place is 
east of another, at the place farther east it is later in the 
day ; while if another be to the west, there it is earlier in 
the day. Bear this well in mind, and no difficulty will 
arise as to which way we must apply arc or time to obtain 
the hour of the day at any given place. 

20. It is six o'clock in the morning at Constantinople in longi- 
tude 28" 59^ 2f' E., what time is it at Cape Farewell, latitude 
69' 49* 12" N., long'tude 43** 63' 40" W. ? 
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The total difference of longitude is | ^oo go/ 4A'/ -ry- 

72** 52' 42" 
4 



6,0)29,r 30' 48" 



4h. 61m. 30-8sec. 
Time at Constantinople, 6h. Om. Osec. 

At Cape Farewell it is, Ih. 8m. 29'2sec. 

Ana. Ih. 8m. 29'2sec. in the morning. 
Astronomically it is 18h. Om. Osec. at Constantinople, whUe it 
is 13h. 8m. 29'2sec. at Cape Farewell same day. 

21. With the above question' find what time it is at Bombay, 
72"* 64' 24" E. longitude. 



Difference of longitude | ngo 54' 24" E* 



43° 65' 22" 
4 

6, 0)17,5" 41' 2 8" 

2h. 66m. 41'4sec. 
Time at Constantinople, 6h. Om. Osec. 

Time at Bombay 8h. 66m. 41 '4sec. in the mominff. 

Astronomically it is 20h. 66m. 41 '4sec. at Bombay same day. 

Thus we see that when it is one o'clock in the morning 
at Cape Farewell, it is six in the morning at Constan- 
tinople, and nearly nine at Bombay; while at Aurora 
Island, as shown by the next question, it is about three 
o'clock in the afternoon of next day. 

22. It is 8h. 56m. 41*4sec. in the morning at Bombay in longi- 
tude 72"* 64' 24" E., what time is it at Aurora Island in the New 
Hebrides, ktitude 14'' 63' S., longitude 168" 16' E. ? 



Difference of longitude, j |ggo -f g/ o" E* 




95" 21' 36" 
4 

6,0)38,1' 26' 24" 

6h. 21m. 26*4 sec. 
h. m. sec. 

Time at Bombay 8 66 41-4 

Difference in time 6 21 26*4 

Time at Aurora Island IS'n 7 '8, or 3h. 17m. 7'86ec. in 
the afternoon of next astronomical day. 
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To find the Greemoich daiefroTn the chronometer. 

Through the ambiguity of the chronometer, arising 
from the fact that it only showB 12 hours of time instead 
of 24, there is sometimes a momentary difficulty when 
at sea in telling what the time is; for instance, if we 
see a watch showing ten o'clock, the question arises is 
it ten in the morning or ten at night? The difficulty is 
overcome by roughly applying the ship's longitude in 
time. We have hence the following rule : — 

If it be P.M. the watch shows the correct Greenwich 
date; if a.m. add twelve hours, and call it the day before. 

This point is more fully explained presently. 

23. It is May 12 day 2h. at ship in longitude 17** 25' 30" E., 
the chronometer shows 50 minutes past 12, what is the Green- 
wich date? 

h. m. sec. 

Time at ship, 12 day, 2 Longitude in time. 

Longitude E 1 9 433 17^ 25' 60" E. 

Greenwich date. May 12 day 50 167 i 

6,0 )6,y 43' W 

Ih. 9m. 43'3sec. 

24. The chronometer shows 9h. 20m. lOsec. A.M., what is the 
time at ship p.m.. May 12 day in longitude 120*' 13' 14" E. ? 

h. m. sec 
Greenwich date, May 11 day 21 20 10 Longitude in time. 

Longitude in time 8 52 9 120' 13' 14" E. 

Time at ship May 12 day. ... 5 21 2*9 i. 

6,0) 48,0° 52' 56" 

8h. Om. 52'9sec. 

25. The chronometer shows 9h. 20m. lOsec. a.m., what is the 
correct time at ship a.m. May 12 day in longitude 120'' 13' 14" W. ? 

h. m. sea 

Greenwich date, May 11 day 21 20 10 Longitude in time. 

Longitude in time W 8 52 9 120'' 13' 14" W. 

Time at ship May 11 day ... 13 19 171 1 

6,0)48,0'' 52' 56" 



8h. OuL 52'9sec. 

26. September 4 day 1874, at 5h. 49m. p.m. mean time nearly at 
ship, in longitude by account 147" 18' W., a chronometer showed 
3h. 35m. 18sec., and its error on Greenwich mean time was 4m. 
18860. slow, what is the Greenwich date? 





28 NAUTICAL ASTRONOMY. 

Greenwioh data Longitude in time, 
from watch. 147" 18' W. 

Sept. 4 day 3h. 35m. 18 eo. 4 

Error +4m. 18sec. 6,0)58,9" 12' 

3h. 39m. 36sec. Sh. 49m. 12seo. 

Greenwich date nearly. 
- Sept. 4 day 5h. 49m. Osec. 

9h. 49m. 12sec . 

Sept. 4 day 15h. 38m. 128ec. 

. '. G. D. is 15h. 39m. 36sec. 
ie,, the 3 hours shown is 3 o'clock in the morning at Greenwich. 

27. 1874, May 19 day, 7h. 3m. a.m. mean time at ship nearly, 
in longitude by account 56" 49' W., a chronometer, which was 
12m. 4sec. slow on Greenwich mean tune, showed lOh. 38m. 28ec., 
required the Greenwich date. 

Greenwich date. Longitude in time. 
Chron. shows lOh. 38m. 2seo. 66" 49' W 
Slow +12m. 48eo . 4 

lOh. 50m. 6sec. 6,0) 22,7" 16' 

3h. 47m. 168ec 
Greenwich date nearly. 
May 18 day 19h. 3m. Oseo. 
Lon. W. ... 3 h. 47m. 16sec. 

22h. 50m. 168ec. 

.*. as it is A.M. at Greenwich, the correct astronomical date is 

May 18 day 22h. 60m. 6sec. 

Hence we obtain the following rules : — 
To find the Greenwich date: 

(1) Turn the longitude into time. 

(2) Apply it to the ship's date, so as to find the Green- 
wich date nearly. 

(3) To the Greenwich date apply the error and rate, 
then by looking at the date as found from the ship's 
reckoning in (2), we see whether it is A.M. or p.m. If it 
is P.M., the day at ship is the Greenwich date; if it is 
A.M., call it the day before, and add 12 hours. 

28. 1874, June 10 day, lOh. 18m. 4sec. (nearly) A.M. at ship, 
in longitude 47" 18' 15" E., the chronometer, which was fast lOm. 
14sec. on April 15 da^, and gainine daily 2*5 seconds, showed 
7h. 21m. 20sec., what is the correct date at Greenwich? 
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Greenwich date. 


Greenwich date nearly. 


h. m. 860. 
Chronometer shows 7 21 20 
Fast 10 14 

7 11 6 
Rate -2 17-6 


h. m. sec. 

June 10 day 10 18 4 
Lon. E 3 9 13 

June 10 day 7 8 51 a.m. 


7 8 48*5 
Longitude in time. 
47* 18' 15" E. 
4 


Kate. 

2-5 

65 


«,0)18,9M3' or 
3h. 9m. ISsec. 


125 
125 

6,0)13J-6 

2m. 17'5seo. 



As the date is A.M., we add 12 hours and call it 

June 9 day 19h. 8m. 48*5 sec. Greenwich date. 

The rate is found by taking the number of days elapsed 
since the error was found, and multiplying by it, which 
will certainly give the whole gain or loss for the time. 

29. It is 5h. 30m. in the afternoon in lon^tude 21** 16' 17'' E., 
what time is it at Greenwich, and what tmie in longitude 21* 
16' 17' W. ? 

Ans. W. lon. 2h. 39m. 49*8sec. ; Greenwich 
date 4h 4m 54*986C 

30. Find what time it is in longitude 121* 17' 16" E. and 80* 
lO' 20" W., when it is May 2 day 3h. 20m. at Greenwich. 

An8» May 2 day llh. 25m. 9sec. 
May 1 day 21h. 58m. 42'7sec. 

31. Find what time it is in loMitude 117* 18' 21" W., when it 
is May 3 day 7h. 18m. 2l8ec. at Greenwich. 

Ans. May 2 day 23h. 29m. 7*6 sec. 

32. Find what time it is in longitude 99* 18' 17" E., when it is 
June 4 day 18h. 12m. in longitude 21* 10' 18" W. 

Ans. June 5 day 2h. 13m. 54'3seo. 

33. At ship it is October 17 day lOh. 12m. a.m. nearly in lon- 
gitude 65' 14' 18" E. by account ; what is the correct Greenwich 
date when the watch, which is 25m. 19sec. too fast, shows 5h. 
61m. 4sec. ? 

Atis. Oct. 16 day 17h. 25m. 45seo. 

34. December 14 day 8h. 12m. p.m. at ship nearly in longitude 
104* 16' E., a chronometer which was 15m. 12sec. too Blow, on 
August 10 day, and losing daily 1 '5 seconds, showed Oh. 66m. 
SOsec., what is the Greenwich date? 

Ant, December 14 day Ih. 14m. 41seo. 
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EXAMPLES AND QUESTIONS TAKEN FROM THE 
GOVERNMENT EXAMINATION PAPER. 

1. Give definitions of the following terms: circles of declina- 
tion, circles of latitude, right ascension of a heavenly body, de- 
clination of a heavenly body (1863). 

2. Give definitions of the following terms : a great circle, mer- 
idian, prime vertical, ecliptic, azimuth, and longitude of a 
heavenly body (1863). 

3. Define the following terms: (1) meridian; (2) zenith; (3) 
nadir; (4) altitude; (5) azimuth; (6) latitude and longitude of a 
star; (7) hour angle (1863, 1864). 

4. If P be the pole of the heavens, Z the zenith of a place on 
the earth's surface, S the place of a heavenly body ; Tniat will 
the sides and angles of the spherical triangle P Z S respectively 
represent (1863, 1864) ? 

5. Explain what is meant by sidereal time, {^parent solar 
time, mean 'solar time, and equation of time. Given apparent 
time, 4h. 30m. p.m., and clock before the sun 3m. Osec. ; what 
is the mean time (1864) ? Ana. 4h. 33m. 

6. Define altitude, azimuth, right ascension, and declination 
(1866). Define the ecliptic and obliquity of the ecliptic, and 
latitude and longitude of a heavenly body (1867). 

7. Define right ascension and declination of a heavenly body, 
also altitude and zenith distance (1868). 

8. Define amplitude and azimuth of a heavenly body. Illus- 
trate by a diagram (1868). 

9. Defiine ecliptic, horizon, azimuth, right ascension, latitude 
of a heavenly body. Show how the position of Sk heavenly body 
may be determined by referring it, with the aid of another great 
circle, (1) to the equinoctial, and (2) to the horizon (1869). 

10. Give definitions of ecliptic, celestial meridian, declination 
of a heavenly body, amplitude of a heavenly body, mean sun. 
Explain your definitions oy figures (1871). 

11. Give, without reference to figures, definitions of the fol- 
lowing : ecliptic, horizon, right ascension, declination, hour 
angle. Explain these definitions by the aid of diagrams (1870). 

12. Define right ascension and declination of a heavenly body ; 
also altitude and zenith distance (1867). 




CHAPTER III 

DAYS, YEARS, HOUR ANGLES, AND MERIDIAN 

PASSAGES. 

DefinitibiiB — ^Len^^ths of Sidereal and Solar Days — ^Lengtha of 
Mean and Sidereal Year — Right Ascension, to Find and 
Correct for a Place East or West of Greenwich — ^Hour Angle 
—graphic Mode of Showing Mean Apparent and Solar Time 
with Equation of Time — ^To Convert Sidereal to Mean Time 
and Mean tb Sidereal Time — ^To Find Right Ascension of 
Meridian — ^To Find tiie Time a Star will Pass the Meridian 
— ^To Find what Stars are near the Meridian — ^To Find Hour 
Angles — To Find Sidereal Time — Examination. 

In commencing this chapter, a few definitions are first 
repeated. 

In Astronomy there is the solar day, mean solar day, 
the sidereal day, and a lunar day. 

69. A Solar Day is the time between the sun passing 
the meridian of a place till it returns to it again. They 
vary in length. Solar or true time is measured by the 
interval between two noons, or actual passage of the 
meridian of any place over the sun; and it follows, be- 
cause the time is not the same at all seasons of the year, 
that solar time varies, and that a solar hour, the twenty- 
fourth part of a solar day, is not of the same length on 
two successive days. 

60. A Mean Solar Day is a day as shown by the 
mean sun, or the interval that elapses between two suc- 
cessive returns of the mean sun to the same meridian. 

61. A Sidereal Day is the time of one absolute revolu- 
tion of the earth, or the time that elapses between two 
transits of the same star, or it is the time between 
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two successive returns of the meridian to the same 
star. 

62. A Lunar Day is the interval that elapses between 
two returns of the moon to the same meridian. 

63. Mean Solar Time is the time shown by the mean 
sun, or by a good clock or watch. 

64. Apparent Time is the time shown by the sun, or 
by a good sun-dial. 

A sidereal day may be said to begin and end when the 
first point of Aries crosses the meridian of Greenwich. If 
it should happen to be the vernal equinox when the first 
point of Aries is on the meridian, then the sun will be 
there at the same time. Now, if both move off together, 
it will be found that the first point of Aries will get to 
the meridian again before the sun does; or at the end ef a 
sidereal day. Because, as the earth turns round, she moves 
forward in her orbit, and, as it were, passes the sun; this 
has to be made up, or the earth has to turn a little more 
than quite round for the Greenwich meridian to face the 
sun again. Looking closely at the above fact, we shall 
see the reason why there is one more sidereal day in a 
year than there are solar days, or a sidereal day is -g^ 
shorter than a solar (nearly). This is the reason why a 
seaman sailing east round the world gains a day, while if 
he sails west he loses a day. 

A sidereal day = '9973 mean solar days. 
A solar day = 1 002738 sidereal days. 

The sidereal day begins at 12 (^ clock on the 21st of 
March and 23rd of September, but never commences 
at the same time as a mean solar day at any other 
period.* 

65. Length of the Day. — A mean solar day is twenty- 
four hours of mean solar time, or 24L 3m. 56'5584sec. 
of sidereal time. 

A Merecd day is 23h. 56m. 4'0906sec. of mean 
solar time; of course, it consists of 24 hours of sidereal 

♦ See Denison's Astronomy Without Mathematics, 
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time. Much learning, deep research, and minute calcu- 
lation, liave been required to find the exact length of the 
day and year. 

66. The Length of the Mean Solar or Tropical Tear, as 

determined by our great astronomers, consists of 365d. 
5h. 48m. 5r6sec. 

67. The Length of the Sidereal Tear has been deter- 
mined to consist of .365d. 6h. 9m. ll*5sec. 

68. Equation of Time is the difference between mean 
and apparent time. It is the 

interval that the clock is 
before or after the sun. 

69. Bight A8cen8ion(B. A.) 
of the Mean Sun is its dis- 
tance from the first point of 
Aries along the celestial 

equator. 

70. Bight Ascension (B. A. ) 
of the Meridian is its dis- 
tance from the first point 
of Aries along the celestial equator. 

Suppose this figure to represent the celestial sphere. 

Let WQ E be th6 equator. 

Let D A G be the ecliptic. 

Let N S be the meridian of Greenwich. 

Draw P A, P B, P C, and P F, parts or quadrants of 
circles of declination. 

Let us consider A as the first point of Aries, and a 
where the declination circle PB cuts the ecliptic as the 
position of the sun in the ecliptic, and C the place of the 
mean sun in the equator. 

We are now in a position to show clearly by the figure 
what is meant by right ascension (E.A.). 

The R.A. of the meridian is AQ or APQ. 
R.A. „ mean son is AC or APC. 
R. A. ,, true sun is AB or APB. 







If the mean sun be at C, then the an^le C1SCLS& 
21 E ^ 
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measure of mean time; if at F, the angle FPQ is the 
measure of mean time before noon. 

If the apparent sun be at a, the angle BPQ is the 
measure of apparent time, therefore the angle CPB is the 
measure of the equation of time. 

While APQ, the R. A. of the meridian, is the measure 
of sidereal time. 

.-. E.A. of meridian =ZAPC + z;CPQ 

= B. A. of mean sun + mean time 

Also if we suppose C to be the place of a star (or it 
may be any where on the line PC). 

. •. R. A. of meridian ^ - ^p^ ^pg 
or sidereal tmie £^ ^ ^-^^ ^ 

=R.A. of star + its mer. dis. (west). 
Agam QPC=QPA- APC 

=11. A. of meridian - B. A. of star ; 
but It.A of meridian =It. A. of mean sun + mean time. 
.*. QPC or Hour angle of star=It.A. of mean sun + mean time 

-R.A. of star. 
^ Or meantime = Hourangle of star + R. A. of star - R. A. of mean sun. 

These two last equations are of the utmost importance 
' in nautical astronomy. 

We now proceed to show the uiality of all of these 
equations, but must first show the use of the tables of 
time equivalents in the Nautical Ahnanac, pp. 522 
to 625. 

1. Convert 16h. 17m. ISsec. of mean time into sidereal time. 
From page 522. 

Mean. Sidereal 

h. m. seo. 
16h. =16 2 37-7036 
17m. = 17 2-7927 
18sec. = 18-0493 

16 19 68-5456 Ans. 

Go to the Nautical Almanac, page 522, in the first 
column, opposite 16 hours is seen 16h. 2m. 37-7036sec. 
This is set down first. Next, in the second division of 
the page, we have the time equivalents for minutes, 
ite 17 minutes is seeu 17m. 2-7927sec. j this is put 
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under the first quantity. In the third division of the 
page is found the time equivalents for seconds; opposite 
18 seconds is found 18*0493sec., which we place under 
the other two, and adding up the whole gives a result of 
16h. 19m. 58*5456sec. of sidereal time as the equivalent 
of 16h. 17m. 18sec. of mean solar time. 

Otherwise the student must remember that 24 hours 
mean time = 24h. 3m. 56'5554sec. of sidereal time^ and 
state the sum thus : — 

h. h. m. seo. h. m. mo. 

As 24 : 16 17, 18 :: 24 3 56*5554: Ans. 

This is a very tedious process compared with the former. 

2. It is required to convert 16h. 17m. ISsec. of sidereal time 
into mean time. 

Sidereal. Mean, 
h. m. 860. 
16h. =16 57 22-7270 
17m. = 16 57-2150 
18sec. = 17-9509 

16 14 37*8929 Ans. 

Turn to page 524 and 5 of the Nautical Almcmac, and 
proceed precisely as in the last example. It will of 
course be perceived that each quantity is less than the 
one sought; while in the previous case each was greater. 

3. What is the equivalent in mean time of 20h. 9m. 12*5sec. of 
sidereal time ? Ans, 20h. 5m. 54*4003sec. 

4. Beduce 24h. 50m. 19*88ec. of sidereal mean time. 

Ans. 24h. 46m. 15'6452seo. 

6. Express 5 days lOh. 18m. 128ec. of mean time in sidereal 

tune. Ans. IdOh. 39m. 36*3315 sec. 

6. Express 5 days lOh. 18m. 12sec. of sidereal time in mean 
time. Ans. 5 days 9h. 56m. 61*1767 sec. 

7. Express 9h. 17m. ll*99sec. of mean time as sidereal time. 

Ans. 9h. 18m. 43*5238 sec. 

8. What is the interval of mean time equivalent to llh. 39m. 
66'4Bec. of sidereal time ? Ans. llh. 38m. l'73168ec. 

To find the R.A. of the meridiem. 

It.A. of meridian = mean time+It.A. of mean smi. 

9. Find the E.A. of the meridian for November, 21d. lOh. 18nu 
12seo, 





h. 


in. sec. 


. 


16 


1 1616 


lOh. 




1 38-5647 


18m. 




2-9569 


12sec. 




•0329 


- 


16 


2 67-7145 
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h. m. 860. 

Sidereal time at mean noon Nov. 21d. = 16 1 16*16 

^ .. ., .. (lOh. =10 138-5647 

Converting the mean into ^ jg^^ ^ j3 3.9569 

sidereal time, - - - ( i2sec. = 12-0329 

R.A. of meridian is - - - 26 21 97145 

10. Had we converted the mean into sidereal time, we 
should have found the E.A. of mean sun ; that is found more 
exactly thus : — 

Sidereal time at mean noon 

Acceleration for 

II.A. of mean sun, 

11. The B.A. of the mean sun and the B.A. of the meridian are 
required for 1874, May 15d. 19h. 11m. 44sec. 

h. m. sec. 

Sidereal time at mean noon May 15, is 3 32 10 48 

(l9h. 3 7-2730 

Acceleration for < 11m. 1*8070 

( 44sec. 1205 

R.A. of mean sun is - - - 3 35 19*6805 
Mean time at place, ... 19 11 44* 

R.A. of meridian, - - - - "22 47 3*6805 

Hence, to find the R. A. of the meridian, we must first 
take the sidereal time from the Nautical Almanac, then 
add the acceleration for the mean time by taking it from 
the table of time equivalents. This acceleration, added to 
the sidereal time, gives the R.A. of the mean sun; to 
obtain the R.A. of the meridian from this, we add the 
mean time at place, omit 24 if it be over 24 hours, 

12. Find the B..A. of the meridian and B.A. of the mean sun 
for 1874, February lOd. 18h. 9m. Usee. Sidereal time, February 
10=21h. 21m. 34-35sec. 

Am, BA. mean sim 21h. 24m. 33*2751sec. 
B.A. meridian 15h. 33m. 44*2751sec. 

13. Find the B.A. of the meridian and BA. of the mean sun 
for 1874, June 21d. 9h. 8m. 12sec. Sidereal time, June 21 = 5h. 
58m. 3*13sec. 

An8» BA. mean sun 5h. 59m. 33-1854sec. 
B.A meridian 15h. 7ni. 45'1854sec. 




WHAt tiME A STAn WILL rA.SS TfiE MERIDIAN. 37 

To find what time a star loill pass the meridian, — 
When a star passes the meridian, or is on the meridian, 
its hour angle, or distance from the meridian, vanishes; 
hence the equation before proved, viz.. 

Hour angles mean time + mean sun's II. A. -R.A. of star 
becomes = mean time + R. A. of mean sun - R. A. of star. 
.*. Mean time=R.A. of star -R. A. of mean sun. 

14. Find at what time « Aquilse (Altair) will pass the meridian 
of New York, Ion. 74- 2' 30" W., on the 28th May, 1874. 

b. m. sec. 
R.A. of star Altair 19 44 39-69 
R.A. of mean sun 4 23 25 7 3 

Ana. May 28d. 15 21 1396 nearly. 

This gives the answer correctly for most purposes for 
-which the passage of a star is wanted; but when requii-ed 
with greater accuracy, the process must be continued 
thus — 

Greenwich Bate. Longitude in Time. 

h. m. sec. 

^**' neS ^''^ ! M*y 28d. 15 21 1396 74» ^' ^0^ ^• 

. Lon. W. 4 56 10 6,0)29,6M0^ 0^ 
May 28d. 20 17 2396 4h. 56m. lOsec. 

R.A. of Mean Sun. Transit of Star. 

\\ Yrk SAC 1] TY] fiGC 

Sidereal time 4 23 2573 R. A. of Altair 19 44 39*69 

(20h. 3 17-1295 R. A. of meridian 4 26 45-71 

Accel, for ^ 17m. 27927 May28d 15 17 63-98 

( 23sec. 0603 

4 26 45-7125 

Ans. Time of transit or meridian passage, 
May 28d. 15h. 17m. 53 '98860. 

15. Find the time when a, Scorpii (Antares) will pass the meri- 
dian of Cape Guardafui, longitude 51*" 16' E. on March 6d., 1874. 

h. m. sec. 
R.A. of Antares 16 21 4097 
R.A. of mean sun 22 56 1166 

Transit, March 6d. 17 25 29-31 nearly* 
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Greenwich Date. Longitude in Time. 

h. m. 800. 

M.T. at Cape Guar*- March 6d. 17 25 29-31 6V 16' 0" K 

♦ 4 

Longitude in time E. ' 3 25 4 6,0 )20,5' 4' (T 

March 6d. 14 25*31 3h. 25m. 4sec. 

K. A. of Mean Sun. Transit of Star. 

h. m. 800. b. m. soc. 

Sidereal time 22 56 11*66 R.A. of Antares 16 2140*97 

. _ n4h. 2 17*9906 E.A. ofmeansun 22 58 29*71 

AcceLfor j gg se c. *0685 'l 7 23 11*26 

22 58 29*7191 

. '. Time of transit or meridian passage, is March 6d. 17h. 23m. 
ll'26sec. 

Hence we have the following rule for finding what time 
a given star will be on the meridian of the observer : — 

(a) Subtract the B. A. of the mean sun from the B. A. 
of the star. This gives the mean time nearly from the 
formula : Mean time = B.A. of star - B. A. of mean sun. 

(b) With this mean time of place and longitude find 
the Greenwich date. 

With this date find the correct B.A. of the mean sun 
or sidereal time, and subtract it from the B.A. of the 
star : this gives the time of the meridian passage to 
within a second of time or so. 

16. Find at what time « Hercules will pass the meridian of a 
place in longitude 98' 17' W. on April lOd., 1874. 

h. m. 800. 
Sidereal time = 1 14 11*04 

R.A of A Hercules=l7 8 55*13 

Ans. Ap. lOd. 15h. 5lm. 2'67sedi 

17. Can you state exactly the time at which a Cygni will be 
on the meridian of a place in longitude 125' W. on January ld.i 
1874. 

h D) 800. 

Sidereal time 18 43 52.56 
E.A.of«Cvgm20 37 5*81 

Ans, January Id. Ih. 51m. 23*01sea 

18. Give the time of the meridian passage of Arcturus in Ion- 
■ 4* 16' W. on January 31d., 1874. 
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h ID Sdo 

Sidereal time 20 42 8*79 

It.A. of Arcturus 14 9 54*91 

Ans, January 31d. 17h. 24m. 5r2sec. 

19. On 1874, December 9d. find the time of transit of /3 
Aquilae in longitude 46*^ 16' 20" E. 

h. m B6C 
Sidereal time 17 8 17*69 (Dec. 8d. 

E.A. of j3 Aquillse 19 49 8*66 

An8. 2h. 36m. 57'74seo. 

To find what stars a/re near any meridian : — 
It is evident that if a star is near the meridian of any 
place, its right ascension must be equal to the right 
ascension of the meridian. Hence if we find the R. A. of 
the meridian of a place, and then look for the bright stars 
in the Nautical Almanac whose right ascensions most 
nearly coincide with that of the meridian, those are the 
stars required. 

As was previously stated, when a star is on the 
meridian its hour angle vanishes. 

• . • Tiour angle = mean time + R. A. mean sun - R. A. of star 

.*. 0=mean time + mean sun's B..A. -star's B.A. 
. *. star's R. A. =mean time + mean sun's R.A. 
=R.A. of the meridian. 

Therefore, to find the stars near the meridian we 
must 

(a) Find the Greenwich date ; 

ib) Find the R. A. of the mean sun ; 

(c) Add the mean time at place to the R.A. of mean 
sun, which gives the R.A. of the meridian. 

(d) Knowing now the R.A. of the meridian, we must 
go to the Nautical Almanac, and look out the stars whose 
right ascensions coincide with it. 

20. Aug. 20 day, 1874, at half-past 9 in the evening, what 
bright stars are near the meridian m Ion. 65'' 17' 20" W. T 

Greenwich Bate. Longitude in Time. 

h. m. sec. 65** 17' 20" W. 

Time at place, Aug. 20d.,...9 30 ^ 

4 21 9*3 6,0 )26,1 9 20 

Aug. 20d.,..13 61 9-3 4h. 21m. 9*a««(cu 



t 
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RA. of Mean Sun. B.A. of Meridian and Star. 

Sidereal time =9 54 86*57 ^- ™- ""• 

( 13h. = 2 8*1342 ^'A. mean sun =9 56 53*1068 

Accel. \ 51m. = 8*3780 M» time at place =9 30 

( 9sec. = 0246 19 26 53*1068 
9 56 531068 

Gk)ing to the Ncmtical AlmcmaCf and looking in the 
catalogue of bright stars whose E.. A. and declinations are 
given, it is found that the following stars are near the 
meridian of the observer in Ion. 66° 17' 20" at half-past 
nine in the evening : — 

01, S, and y AquilsB and h^ Sagittarii. 

The constellation of the Eagle is exactly south from the 
spectator. 

21. Find what bright stars are near the meridian of a place in 
Ion. 124" 16' lO'' E. on June 21 day 9h. 18m. 12sec. mean time at 
place. 

Greenwich Date. Longitude in Time. 

h. m. sec. 124» 16' 10" E. 

M. T. at place, June 21d. 9 18 12 * 1_ 

8 17 4*6 E. 6fl) 49,7 4 40 

M. T. at Greenwich, 21d. 1 1 7*4 8h.l7m.4*6sec. 

B.A. of Mean Sun. It.A. of Meridian and Stars, 

h. m. seo. h. m. sea 

Sidereal time=6 58 3*13 B. A. of mean sun ..5 58 13*17 

(Ih. = 9-8565 Meantime ..9 18 12 

Accel. \ Im. = -1643 15 16 25*17 

( 7sec. = ;01S«J 

5 58 131700 

The stars having their R.A. nearly equal to 15h. 16m. 
25*573ec. are /3 librae and a Coronse. 

22. Find what bright stars are near the meridian of St. 
Helena, Ion. 5" 44' W., at 10 o'clock in the evening of October 
1,1874. ^ 

Fomalhaut, y Piscium, and « Pegasi. 

To find the liour angle qf a 8ta/r» — The hour angle 
itial object is its distance westwards from tne 
of Greenwich. The hour angle of the sun is 
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tlie apparent tinfe at place : of other celestial objects we 
have just proved that 

Hour angle = mean time+B.A. of mean sun-K.A. of star 

** 23. Find the hour angle of Vega when the Greenwich mean 
time is 9h. 10m. 18sec. p.m., Sept. 18d. 

B.A. of Mean Sun. 

h. m. 86C. 

Sidereal tune, N, A., II. page, 11 48 56*64 

( 9h. 1 28-7083 

Accel, for ^ 10m. 16428 

( 18sec. 0493 

11 50 27 0404 

Hour Angle. 

h. m. " sec. 
Mean time at Greenwich, 9 10 18 
R. A. of Mean Sun, 11 50 270404 

21 450404 
R. A. of Vega, 18 32 41 77 

2 28 3*2704 
60 

4)148 3 16*2 



Hour angle, 37" 0' 49" W. 

24. Required the hour angle of the Pole Star on September, 
18d., at lOh. 11m. 25sec. mean time, in longitude 12'' 10' 18" \V. 

Greenwich Date. Lon. in Time. 

h. m. see. 
M. T. at place, Sept. 18d. 10 11 25 12* 10' 18" W. 
Longitude in time, W 48 41*2 4_ 

G. M.T., Sept. 18d. 11 62 6,0 )4,8 41 12 

48m. 41'2sec. 

R. A. of the Mean Sun. 

h. no. sec. 
Sidereal tune from J^, A, = 11 48 66-64 

Accel for i^^— ' ^ZJ 

11 60 45-0776 
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Hour Angle. 

h. m. sec. 
Mean time at place, .... 10 11 25 
R. A. of Mean Sun, .... 11 60 46'0776 

22 2 100776 
R. A. of Polaris, 1 13 1563 

Hour angle W. in time, 20 48 64-4476 

24 

Hour angle E. in time, 3 11 6*5524 

60 

4)191 5 331 




Hour angle E. in arc, 47° 46' 23" -2 

BuU for Jmding Hour Angles: — 

(a) Find the mean time at Greenwich or Greenwich 
date. 

(6) Take out the sidereal time, and find the R. A. of 
the mean sun for that date. 

(c) To the mean time at place, add the R. A. of the 
mean sun ; from this subtract the R. A. of the object : 
this gives the hour angle in time. 

{d) Turn the hour angle into arc in the usual manner, 
by bringing the hours into minutes, and dividing by 4. _ 

(e) If the hour angle is greater than 12 hours, sub- 
tract from 24 hours, and call it E., otherwise it is W. 

(/) The hour angle marked E. or W. simply means 
this : If W. it is west of the meridian, if E. it is east of 
the meridian. The angles properly should all be westerly, 
but, as it is often more convenient to have them under 
180°, we subtract when above 12 hours from 24 hours^ 
and call the angle E. 

25. Find the hour angle of Spica, 1874, Oct. 8d. 12h. 19m. 
lOsec. mean time at place in longitude 49° lO' W. 

R. A. of Spica is 13 18 33*92 m^^ itto ie/ qa'/.qq v 

Sidereal tiSie, 13 7 4772 ^'^*- ^^7 15 36 99 K 

26. Required the hour angle of /3 Leonis, 1874, Oct. 25d« 91i« 
7m. Usee, mean time at place in longitude 84"* 16' E. 

R. A. of ^ Leonis, 11 42 3905 . ,-.o em c^/zi w 
Sidereal time, 14 14 4914 ^^* ^'^ ^ ^ * ^^* 
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27. What is the hour an^le of the Pole Star, Oct. 8d. 17h. llm. 
mean time at place in longitude 120*^ E. ? 

R. A. of Pole Star, iL 13m. 21sec. l Ans, 76' 44' lS"-5 W. 

71. Sidereal Time. — ^We have omitted to make clear 
what is meant by Sidereal Time, as taken from the second 
page of the month of the Nautical Almanac, The sidereal 
time there given is the sidereal time at mean noon at 
Greenwich, wHch also corresponds with the right ascen- 
sion of the mean sun. Suppose the equation, as proved 
in a preceding page, be taken. 

Sidereal time = mean tim/e+R^A. of mean mn, 

Now at mean noon mean time vanishes, so then we have 

Sidereal time=K.A. of mean sun, 

Ana this is exactly what is given in the Nautical 
Almanac y and is what a clock would show that keeps 
sidereal time;, it is, in fact, the angular distance of the 
first point of Aries froin the meridian at the instant the 
centre of the mean sun is on the meridian. It expresses 
the actual hour angle from the meridian westward of the 
true (vernal) equinoctial point at the moment of mean 
noon at Greenwich. 

28. The mean time at Sydney in longitude 15P 14' E. is May 
18d. 7 h. IQm. 19sec : find the sidereal time 

Sidereal time = mean time +K. At of mean sun. 

Greenwich Date. Longitude in Time. 

h. m. 860. 
M. T. at Sydney, May 18d. 7 10 l9 15r 14' E. 

Long, in tune^ 10 4 56 E. 4 

May 17d. 21 6 23 6,0) 60,4 56 

lOh. 4 m. 56seC. 

tl.A. of Mean Sun. 

. h. m. sec. 

it. A of meridian Or sidereal time =3 40 3*59 

( 21h. 3 26-9859 

\ 5m. , 0-8214 

(23sec. r 0630 

Sidereal time - - - 3 43 314603 

Mean time at Sydney - - 7 10 19 

Sidereal time'at „ - - 10 53 50*4603 
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29. The mean time at the Island of Jan Mayen, in longitnde 
7^ 26' W., is July 21d. 21h. 21m. 2Isec : find the sidereal time. 

Greenwich Date. Longitnde in Time. 

.. -. h. m. sec. 

M. T. at Jan Mayen, July 21d. 21 21 21 7* 26' W. 

Longitude in time W. 29 44 4 

G. M. T. July 21d. 21 51 5 efl)2fiU_ 

29m. 448ec. 
R.A. of Mean Sun. 
Sidereal time, July 21d. = 7 56 19*88 

( 21h. = 3 26-9859 

AcceL for i 51m. = 8*3780 

( 5800.= -0137 

Sidereal time at Jan Mayen 7 59 55*2576 

21 21 21 

Sidereal time at place 5 21 16*2576 

Rules for finding Sidereal Time at wayph/ie:-^ 

(1) Find the Greenwich date. 

(2^ Find the R. A. of the mean sun. 

(3) Find the sum of the mean time at place, and R. A. 
of the mean snn ; this, omitting 24 hours when over that 
number, is the required sidereal time at the place given. 

30. Find the sidereal time at Teneriffe, longitude 16' 39' W., 
on the 10th July, 1874, at 9h, 15m. lOsec. p.m. mean time at 
place. Sidereal time =7h. 12m. 57'74sec. 

AuB, 16h. 29m. 49'8804sec. 

31. Required the sidereal time at a place in longitude 157"* 
16' 20" E. on March, 17d. 19h. 12m. 14sec. mean time at place. 

Sidereal time =23h. 39m. 33*75. sec. 

Ans. 18h. 53m. 13'6902sec. 

32. What is the sidereal time at Plymouth, longitude 4** 12' W., 
on the 14th Februanr, 1854, at 9h. 16m. 13sec. a.m. 

Sidereal time, February, 13d.=21h. 33m. 24-02sec. 

14d.=21h. 37m. 20*57sec. 

Am, 18h. 53m. 9*4297sec. 

33. Give the sidereal time in longitude 120** lO' £., when the 
time shown by a chronometer, correct for Greenwich mean time, 
is March, 12<£ 9h. 12m. 14sec. 

Sidereal time 23h. 19m. 50*98sec. Ans. 16h. 34m. 15'6979sec. 

34. How is the length of a mean solar vear determined ? Why 
is a mean solar year shorter than a sidereal year, and a mean 
Bolar dav loncer than a sidereal day (1863) ? 

35. Snow by means of a diagram what is meant by sidereal 
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time, apparent time, mean solar time, and the equation of time 
(1863). 

36. What is meant by mean time and sidereal time, and show 
how one may be converted into the other ? 

37. What is the sidereal time of a place whose longitude is 
125° W. of Greenwich on June II, 1874, at 3h. 40m. local mean 
time (1863)? Sidereal time lid. =5h. 18m. 37*54Bec. 

Am. 9h. (hn. 35-8177sec. 

38. Having given the sidereal time at any instant, show how 
to find mean time at the same instant ? 

39. Having given the sidereal time=12h. lOm. lOsec, and the 
right ascension of the mean sun at mean noon at the place =lh. 
42m. 14'5sec., required the correct mean time (1864). 

Ana. lOh. 27m. 65'5sec. 

40. If 24 mean solar hours =24h. 3m. 56.555sec. sidereal 
hours, express 3 days 8 hours mean solar time in sidereal time 
(1864). Ana. 3d. 8h. 13m. 8'518sec. 

41. The length of the mean solar year being 365*242264 days, 
find the daily motion of the mean sun (1865). Ana. 59' 8"19-7. 

42. In a mean solar day a meridian of the earth revolves 
through 360° 59' 8"-33. Emlain this (1865). 

43. Explain accurately what is meant by mean, apparent, and 
sidereal ^ne, illustrating by a figure (1866). 

44. What is meant by equation of time? Show accurately 
the causes on which it depends. Show that the equation of time 
vanishes four times a year (1866). 

45. What is meant by sidereal time ? and what by mean solar 
time ? Convert 15h. 12m. 18sec. sidereid time into mean solar 
time (1866). Ana. 15h. 9m. 48'5416sec. 

46. Why is a sidereal year longer than a mean solar year 
(1866) ? 

47. Define a sidereal day, sidereal time, mean solar day, mean 
solar time. What is the sidereal time given on page II. of the 
Nautical Almanac ? 

48. Given that a meridian of the earth revolves through 
360° 59^ 8'' '33 in a mean solar day, express the length of a mean 
solar day (=24 hours) in sidereal time (1871). 

As 360°:360°59' 8" 33: :24 : Ans. Ana. 24h. 3m. 56-5554sec. 

49. What is meant by the hour angle of a heavenly body ? 
Show how to find ship mean time from the hour angle of a star. 

60. The hour angle of « Cygni (east of meridian) = fli . Im. 35sec. , 
the star's right ascension =20h. 36m. 54sec., and the right ascen- 
sion of the mean sun 8h. 18m. lOsec. ; find the ship mean time 
(1866). Ana. 8h. 17m. 9seo. 

51. Construct a figure and show what is meant by the altitude 
of a heavenly body, its polar distance, zenith (ustance, hour ^ 
angle, and ^zm^utb or true beiuing (1865), ^| 
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52. Given the hour angle of a star : find the ship mean time 
(1865). 

53. August 10, 1874, given the hour angle of « Tauri (Alde- 
baran) west of meridian =3h. 35m. 27sec : find the ship mean 
time (1865). 

R.A. of « Tauri, August 10d=4h. 28m. 42-53sec. 
E.A.of meansun, ,, ,, =9h. 15m. ll'02sec. 

Am, 22h. 48m. 58*51sec. 

54. Define apparent solar time, mean solar time, and sidereal 
time, illustrating your definitions by projectioiis (1) on the equi- 
noctial ; (2) on the horizon. In a sun chronometer what angle 
do you deduce from your observation combined with other date? 
and what must you apply to this before you can compare it with 
the time indicated by your chronometer (1869) ? 

55. What is meant by the hour angle of a heavenly body? 
How is the mean time found from the hour angle of the sun ? 

56. April 12, 1874, the hour angle of the sun W. of the 
meridian is found to be 75° 18', what is the mean time (1867) 7 . 

Am, April, 12d. 5h. Im. 12seo. 

57. At what time would Algenib pass the meridian 115° 28' E. 
on August 20, 1874 ? -^ 

B.A. of Algenib = Oh. 6m. 47'14sec. 
Sidereal time =9h. 54m. 36*57sec. 

Am. 14h. 11m. 6'46seo. 

58. Explain how to find the time when a heavenly body will 
pass the meridian. 

59. March 20, 1874, in lonritude 65° W., find what bright 
stars put down in l^e Hauticcu Almanac will pass the meridian 
between the hours of 9 and 12 p.m. 

Sidereal time =23h. 51m. 23" '4^00. 

a, Hydrae Constellation Leo, with Begulus. 
I Ursss Majoris, or from i to y, Ursaa Majoris. 

60. At what time will Markab cross the meridian of a place in 
latitude 47° 35' N., longitude 120° W. on 20th September ? 

B.A. of Markab, 22h. 58m. 31*89seo. 
Sidereal time, llh. 56m. 49*758ec. 

Am. lOh. 58m. 34'58sec. 

61. What bright stars in the Nautical Almanac passed the 
meridian of a place in longitude 54° 40' E. between the hours of 
7 and 10 on S^tember 4, 1874 (1863) ? 

From y Draconis to « Cygni the chief are Vega and Altair. 
Sidereal time =10h. 53m. 44'89sec. 

62. Find the moon's distance from the earth when its horizontal 
parallax is 56' 28" (1865). Ans. 240882 miles. 

63. What is the moon's distance from the earth when its 
horizontal parallax is 58' 20" (1865) ? Am. 233157 mUes. 
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NAUTICAL INSTRUMENTS. 

The Sextant— Its Optical Principle — Glasses — Horizon Glass — 
Index Glass — Telescope — The Limb — Index Bar — Vernier 
and Proof — Screws — ^Description — The Adjustments — Index 
Error — ^Bules to Find Index Error — ^Examples — Chronometer 
— ^Error of Chronometer — Compensation Balance — Dent's 
Compensation Balance — ^Rate of Chronometer — Reading of 
Chronometer — Civil and Astronomical Time — Examples — 
Examination Questions. 

72. The Sextant and Chronometer are the two dis- 
tinctive instruments used in Nautical Astronomy, in 
addition to the mariner's compass and azimuth compass 
described in the treatise on Navigation. 

73. Sextant. — ^The sextant is an instrument employed 
for measuring the angu- 
lar distances of objects 
by means of reflection. 
The chief angular dis- 
tances the navigator has 
to find by it are the 
altitudes of the sun, 
moon, and stars, with 
the distances of the 
moon from certain ce- 
lestial objects, in order 
to find the latitude or 
longitude. The optical 
principle of the con- 
struction of the sextant is, ''that when a ray of light is 
twice reflected, the angle between the ori^rval tk^ A 
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light and the direction of its second reflection, is double 
the angle at which the reflecting surfaces, are inclined." 

Suppose A to be one reflecting surface, B the other, 
the angle of their inclination isBCA. IfSAbea ray 
of light coming, say, from a star, it will be first reflected 
to B, then in the direction, suppose, of BD, meeting 
S A, produced in D, then angle 

BDSistwiceBCA. 

This is the principle upon which the sextant, which we 
now proceed to explain, is constructed. 

The chief parts of the sextant are (1) the glasses, (2) 
the limb, (3) the vernier, (4) the screws, (5) the micro- 
scope, (6) the telescope. 

The Glasses are two, the horizon glass and index 
glass, with several shades or stained glasses interposed 
between these two to weaken the rays of light, and to 
deprive them of their calorific rays before they enter the 
eye. There are frequently four shades between the index 
and horizon glasses, and three in front of the horizon 
glass. 

The Index Glass is silvered all over, and placed per- 
pendicularly to the movable index limb. The image of 
the object is refiected from the index glass to the 

Horizon Glass, which is a mirror perpendicular to the 
plane of the instrument, silvered only on the lower half, 
while the other half is imsilvered, and, therefore, tran- 
sparent. After the ray of light has been reflected from 
the horizon glass, it passes into the 

Telescope, which is a small ordinary telescope used to 
direct or strengthen, if we may use such a term, the 
visual ray from the observer's eye to the true image, as 
seen through the transparent part of the horizon glass, 
and the reflected image, as seen in the same glass. 

In observing an object, the eye is placed at the eye- 
piece of the telescope, and directed towards the horizon ; 
then the index limb is moved till the image of the object, 
star, or sun coincides with the horizon. The angle read 
from the limb is its altitude. 
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If two objects are observed, the telescope is directed so 
that one object can be seen through the nnsilvered part ; 
next the image of the second object is brought in contact 
with the other. The angle indicated on the limb is their 
angular distance. 

The Limb is an arc of rather more than 60^ In fact 
the instrument is called a sextant because it is in the 
shape of a sector of a circle, the sector being rather more 
thaii one-sixth of a complete circle, made of iron, brass, 
etc. The limb is graduated from 0° to 140°, and so con- 
trived as to enable the observer to read off at every* 20", 
15", or 10". Although the sextant is, as its name implies, 
but the sixth part of a circle, because the' ray of light is 
twice reflected we are enabled to read a little over twice 
sixty degrees upon the limb. The graduations of the 
limb are carried beyond zero to the right over a small 
space called the " arc of excess." 

The Radivs or Index Ba/r moves along the limb, and 
carries the index glass. 

The Vernier is attached to the end of the index bar, 
and is used to subdivide the divisions on the limb into 
spaces of 10", 15", or 20". It slides easily and evenly 
along the graduated limb, and enables the observer to 
read off his angles to within a very few seconds. The 
vernier is graduated in such a manner that the sixtieth 
of its divisions coincide with the fifty-ninth on the limb, 
or, generally, n divisions of the vernier are equal in length 
to 71 - 1 on the limb. 

Let L=the length of a division on the limb, 

_Z= ,, ,, vernier, 

. *. (tI - 1) L=n I (from above). 

91 i— 1 

.*. Z=_I_ L. Subtracting each side from L. 
n 

• L — Z— L— ^~ ^ L— ^^~^^'^^— ^ 
n n n 

T 

or a division on the vernier is - less than one on the 

n 

limb. The best sextants have their arcs graduated 

21 B ^ T, 
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every 10 minutes, fifty-ume of tliese being equal to wxtj 
<m the vernier. „. 

,..• =10". 
Screws. — Two screws are uaed in the sextant, one to 
elamp the index bar when it has been brought approxi- 
mately into its position, the other, the tangmt screw, to 
^ve a very sl^t motion to the index bar ai^r it has been 
clamped. There is also a milled-headed screw, which 
raises or lowers the rings by means of the up and down 
piece that carries the telescope, bo that both the reflected 
and direct object can be seea through the telescope with 
equal brightness. 

fe^ This figure is to re- 

^-^^ present the sextant 

L L' is the limb or arc, 
graduated &om 0° to 
120", 130°, or UO', 
from right to left or 
from L to Ij'. Towards 
L is the arc of excess, 
where it is graduated a 
little beyond the zero. 
C is Uie vernier snb- 
Pl divided, as previously 
explained, to allow an 
arc to be read off to 10* 
or 16". 

1 is the index bar, or radius bar, carrying the index 
glass I. The clamping screw is beneath G. 

T is the tangent screw. While the clamping screw is 
to prevent the limb from moving, the tangent screw is to 
give it a very slight motion, to get the image and object 
jn their proper places. 

M is a microscope attached to the index bar by tb« 
arm seen In the figure. It is moved down over tb« 
Teniier to enable the ohaerrw to ratd off ootreotly. 
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A or I is the index glass, which moves with the index 
bar, and must be fixed perpendicular to the plane of the 
instrument^ and its face must be parallel to the. length 
of the index bar. 

B is the horizon glass, marked in the figui'e by two 
straight lines ; the round objects in front are the ^des. 
The index and horizon glasses must be parallel when the 
index stands at zero. As explained previously, the lower 
half only of the horizon glass is silvered. 

8 are the index shades ; ^' the horizon shades. 

D is the up and down piece for raising or lowering 
the telescope, through the collar of which passes the 
telescope, not shown in the figure. The line B D, passing 
along the axis of the telescope into the eye, is called the 
line of collimation. It must pass parallel to the plane of 
the arc or sextant. 

74. Adjustments of the Sextant are three : — 

(1) To adjust the index glass, or to ascertain that it is 
perpendicular to the plane of the instrument. Place the 
index bar on about the centre of the limb, then, holding 
the sextant horizontally, bring it up to the eye, and 
looking over the limb obliquely into the index glass so 
as to see the limb by direct vision to the right and its 
reflection on the left. If the image appear in one and the 
same straight line with the arc itself, the index glass re- 
quires no adjustment; but if the image be not in a Sne with 
the arc, the sextant requires adjustment. Behind the index 
glass is a small screw. If the image be below the true 
arc, tighten this screw; if the image be above it, 
slacken it. 

(2) To adjust the horizon glass, or to see that it is 
perpendicular to the plane of the instrument. This is 
done by looking steadily at the sun, and sweeping the 
index dowly along the limb, so as to make the reflected 
image pass over the .direct image. If they do not exactly 
cover each other in passing, turn the screw, which is 
found immediately under the glass^ until the one image 
exafOtly ooven the other. 
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(3) The third adjustnient is to adjust the line of colli- 
mation. The line forming the axis of the telescope is 
called the line of collimation : this must be parallel to 
the plane of the sextant. For this third adjustment the 
eye-piece of the telescope must be turned round until two 
of the wires in its focus appear parallel to the plane of the 
instrument. Now, brrug the sun and moon, or moon and 
star, or two single stars — ^the objects chosen must be more 
than 90° apart — into apparent contact on the wire next the 
instrument; immediately, by altering the position of the 
sextant, raise them to the wire above; then, if they remain 
in contact, the telescope is parallel to the plane of the instru- 
ment ; but if they separate, the screw farther away from 
the riQg which holds lie telescope to the up and down piece 
should be slackened, and the other tightened; but if they 
overlap, we must adjust in precisely tiie contrary manner. 

76. Index Error. — ^However nicely constructed a sex- 
tant may be, by reason of expansion, contraction, etc., there 
is always a small amount of error in the parallelism of the 
index and horizon glasses. This is termed index error. 

To find the index error. — When the sextant is pro- 
perly adjusted in the three cases above referred to, lien 
find the index error. Place the index bar at zero on 
the limb; a lozenge points out the exact place on the 
limb where the required zero will be found, or the lozenge 
must coincide with the zero. Then make the stroke upon 
the vernier indicating zero, by turning the tangent screw, 
to exactly coincide with the stroke upon the limb. When 
the index bar is placed at zero on the limb, see if the 
true and reflected images of the sun, moon, or other 
object appear to coincide exactly; if they do, there is no 
index error; but if they do not, move the index bar untH 
the true and reflected images perfectly coincide — ^the arc 
through which the index bar has to be moved from zero 
is called the index error. Either of the following methods 
may be used to determine the amount of index error : — 

(a) Make the true and reflected images of any distant 
anddistinct object coincide — the best object for the purpose 
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is the horizon; then the index error will be the distance 

lying between 0*^ on the limb and 0® on the vernier. 

If the readmg be on the arc take it off, or call it minus - 
,, off ,, put on ,, plus + 

(b) Make the true and reflected images of the sun, by 
taking the sextant and looking directly at it, touch at 
the edges. Then the difference between the distances of 
0° on the vernier and 0" on the limb, and twice the semi- 
diameter of the sun for the day, taken from the Nautical 
AlTJKmac, is the index error. 

When the reading is on the arc and greater, the error is - 

»» »» Ott »» »> It T* 

„ „ on „ less, „ + 

>> >» o^ »» »» >» "* 

1. May 12 day, 1874, the reading on the arc when the sun and 
its image was made to touch was &' 25", find the index error. 

May 12 day, 1874, semi-diameter of sun from N. A. =^ 15' 5r''5 

2 

.*, Diameter of sun for May 12 day is 31' 43" 

Heading of the sextant on the arc 34' 25" 

.\ Index error -2' 42" 

It is subtractive, because the reading was on the arc, 
and greater than the sun*8 diameter. 

2. May 13 day, 1874, the reading on the arc was 30' 10", when 
the true and reflected images of the sun were made to touch ; 
required the index error. 

May 13 day, 1874, semi-diameter of sun 15' 51" '3 

2_^ 

.-. Diameter of sun for May 13 day 31' 42"-6 

Reading of the sextant on the arc 30' 10" 

.-. Index error +l'32"-6 

It is additive, because it is on the arc, and less than 

the sun's diameter. 

3. On July 22 day, 1874, the images of the sun were just made 
to touch, and the reading off the arc was 33' 45"; what was the 
index error? 

July 22 day, 1874, semi-diameter of sun 15' 46"-8 

2^ 

Diameter of the sun 31' 33" '6 

Beading of the sextant off the arc 33' 45" 

Index error is + 2' 11"*4 
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4. On July 23 day, 1874, the images of the sun were jiust made 
to touch, and the reading off the arc was 28' 20", required the 
index error. 

July 23 day, 1874, semi-diameter of sun 15' 46''*9 

2_ 

.'. Diameter of the sun 31' SS^'S 

Reading of the sextant off the arc 28' 2(r 

.'. Index error is -3' 13" '8 

(c) A third method of finding the index error is to 
bring the two images together, and make their edges 
touch first on one side then on the other. Illustrate this 
with two penny pieces : make the two edges touch, then 
slide one over the other till the opposite edges toucL 
When the two images of the sun touch in the two posi- 
tions just indicated, take the readings in each case; then 
the index error is half their difference when one reading 
is on and the other off the arc : 

additive when that off the arc is greater 
subtractive „ on ,, „ 

When both readings are on the same side of zero, half 
their simi is the index error : > 

additive when off the arc 
subtractive „ on „ 

5. October 1 day, 1874, the reading on the arc was 30' 20", 
when the sun and his image w^re made to touch, the semi- 
diameter being 16' 1"'4, find the index error. Ans, + 1' 42" -8. 

6. October 2 day, 1874, the reading off the arc was 34' 20". 
when the sun and his image were made to touch, the semi- 
diameter being 16' 1"*7, what is the index error? 

Ans. + 2' le^-e. 

7. On October 10 day, 1874, bringing the sun and its ima^e 
together, the following readings were made to determine Ihe 
index error of the sextant; find it and also the semi-diameter of 
the Sim. 

For semi-diameter. For index error. 

Reading on the arc 33' 10" 33' 10" 

Readmg off the arc 31' 10" 31' 10" 

4)64' 20^' 2 ) 2' (y 

Semi-diameter 16' 5" Index error 1' 0" 

The semi-diameter for the day in the Nautical Almanac 
is 16' 3"'8, this shows that correct observations have been 



INDEX EBBOB. 65 

made, and that we may rely upon the index error as being 
accurately determined. 

8. Bringing the aim and its image together on December 10 
day, 1874, the following readings were made to determine the 
index error; find its amount and the semi-diameter of the sun. 

Readings on the arc 30' 10" 
Readings off the arc 35' 0" 
Ans, Semi-diameter 16' 17" '6; index error + 2' 25". 

9. To find the index error of a sextant I brought the two 
images together, and found the reading on the arc 35' 20", and 
off 2Q' 40"; required index error and semi-diameter. 

Ans. Semi-diameter 16' 15"; index error - 2' 60". 

10. On May 15d., 1874, the reading on the arc when the two 
images of the sun were in contact was 28' 40", what is the 
index error when the semi-diameter is 15' 50" *9 ? 

' Ans. Index error +3' l'*8. 

11. May 1874, Id., the reading off the arc when the sun and 
ifcs image were in contact was S3' 50', given the semi-diameter 
15' 54" ; what is the index error ? j&s&^ 

'"' Ans, Index error -^ 2' 2". 

12. May 1874 31d., the reading off the arc when the sun and 
its image were in contact was 28' 40", find the index error when 
the semi-diameter is 15' 48" '3. Ans, Index error -2' 66" "6. 

13. Given the annexed observations ; find the semi-diameter 
and index error August 15cL, 1874. 

On the arc 28' 15" Off the arc 35' 0" 

29 45 33 45 

29 34 15 

87 103 

103 87 

12) 190 6 )16 

Semi-diameter 15 50 Index error -f 2 40 

14. Criven the following observations 1874, August 27d. ; find 
the semi-diameter and index error : — 

Reading on the arc 35' 50" Reading off the arc 27' 20" 

36 27 30 

36 10 27 40 

Ans, Semi-diameter 15' 62" '5 ; index error-4'15". 

15. Given the following readings off and on the arc ; find the 
index error and semi-diameter for 1874, August 15d. 

On the Arc. Off the Arc 

30' 40" 32' 30" 

31 32' 30" 

Ans, Semi-diameter 15' 60"; index error 4- 60"% 
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76. Chronometer. — ^The clironometer is a very BUpWiof 
kind of watcli or timekeeper. Sometimea they are made 
ia the shapo of a watch; but for sea purpoees they differ 
materially in appearance &oni a watch, being much larger 
and kept in a cubical box of about six or eight inches 
Cuba They are very sensitive, and are constructed so 
that with every change of temperature the balance is eelf- 
compensating. The value of a chronometer is determined 
by i(a capabflity of keeping uniform time, whether it gain 
or lo»e i» of no consequence so long at its rate of gain or 
loaa is um/onn. The chronometer should be kept as near 
as possible to the line where there is the least motion 
in the ship, which is a line drawn from stem to stem 
through ite centre of gravity. In the chronometer we 
have to draw attention to error and rale. 

77. The Error of a Chronometer is the difference 
between the time shown by the chronometer and true 
Greenwich mean time; it is marked _/a«( or alow, accord- 
ing as the chronometer is behind or before the Qreenwioh, 
time. The chronometer is always supposed to show the 
time at Greenwich. 

78. Compenestion Balance for Chronometers.— If a 
bar be constructed of two metals of di&rent expangibility, 
one firmly attached to the other, and the temperature 
rise, one of the two metals will expand more than the 
Other ; and the more expansible mebil will form the out- 
side or convex surface of 
the bar, and the least ex- 
pansible the concave inner 
sur&ce. On the contrary, 
should the temperature fall 
the opposite arrangement of 
the two metals will be made. 
The more expansible, which 
therefore contracts more, will 
form the concave surface,and 
the less expansible the con- 

. ▼ezoaterfnir&ce,becauseif it expand less it will contract less. 
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In the consfcruction of the balance wheel of the 
chronometer, these fjBUjts are practically applied. The 
balance is not made in one continuous rim (bar), but 
divided into three or four, generally three separate 
pieces, each fixed at one end, but free at the other. 
The more the pieces the more troublesome the compensa- 
tion. The free ends are loaded with small weights. If each 
piece be composed of two metals — ^the more expansible 
being placed outside — ^then it is evident that if the outside, 
marked light in the figure, be the more expansible, upon 
an increase of temperature it will throw the small loaded 
ends towards the centre, while the whole balance itself 
will be thrown outwards; it is a great aim* of the 
balance maker so to apportion the parts of the machine, 
that as the substance of the wheel is moved by expansion 
from the centre, so the loads shall be thrown towards it. 
Likewise, should the piece of mechanism contract by cold, 
as the radius is shortened and the body thrown towards 
the centre, the loaded ends move outwards. 

A B C is the compensated balance. A B C is the rim 
broken into three pieces. A, B, C. ahc are the loaded 
ends. « is a small hair spring. The dark lines forming 
A,B,C, indicate the less expansible of the two metals. 
The light lines forming A, B, C, indicate the more expan- 
sible of the two metals. 

The metals genei-ally employed are brass and steel. Such 
a mode of compensation is by no means perfect, since the 
time of the chronometer depends upon the moment of 
inertia of the balance, which varies not directly as the 
distcmce of the weight of the balance from its centre, but 
as the square of that distance. Hence a given amount of 
motion from the centre will produce a larger difference 
of time than the same amount to the centre, supposing 

* The expansion of the balance is, as a cause for compensation, 
far inferior to the change of elasticity in the balance spring. 
Thus, in the error of an uncompensated watch, which amounts to 
6i minutes per day for 68° Fahrenheit, 1 minute 18 seconds is 
due to the expansion of the balance, and the remaining 5 minutes 
12 seconds to the loss of elasticity in the spring. 
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the amount of expansion and contractdoii to take plaM 
trom the same point. 

79. Dent's Obmpeiisation Balanos. — To oTercome the 
difficulty referred to above, Mr. Dent, of 61 Strand, 
haa constructed a compensation balance on a totaJly 
different principle. His principle of compensation is, 
that an ascent of temperature shall cause the compensa- 
tion weights to move in towards the centre a greala- 
distance, than the same descent of temperature causes 
them to move outvmrde; or, in other words, for a gradual 
rise of temperature the weights will move in faster and 
faster, uid for a gradual fall slower and slower outwards. 




This principle of compensation ib efTected thus : — r is a 
compensation diameter bar fixed on a balance axis com- 
posed of braas and steel, the steel being nearest the compen- 
sation weights. This is the primary compensation.. a» 
are two blocks attached to the end of the bar to receive 
the secondary compensation pieces. 1 1 two secondary com- 
pensation pieces, each made in the form of a staple, stand- 
ing across the primary compensation bar at right angles to 
it, the brass being on the inside of the staples, the steel on 
Mlw outsidea. u u are two pillai-s fixed on the end of tho 
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staples to carry the weights; they are furnished with 
screws, on which the weights turn for adjusting their 
heights. V v are two adjustable weights. 

The compensation weights are made to move in the 
plane, passing through the axis of motion. On elevation 
of temperature, the distance between each arm of the 
staple is increased in height, and thus the compensation 
weight is raised from the balance bar ; the augmentation 
thus effected by the secondary compensation enables the 
primary to carry the weight over a greater space and 
with accelerated velocity towards the centre of motion ; 
the reverse effect, of course, taking place when the tem- 
perature falls. 

To adjust the secondary compensation when the chron- 
ometer gains, the staples must be shortened oi thickened, 
and the reverse if the chronometer lose. The primary 
cf«npensation is adjusted by varjdng the height of the 
weights V on the screw u. 

We will endeavour to make it a little clearer. The 
primary compensation is effected by the main bar rr, 
the secondary by the staples 1 1 When the main bar 
bends upwards by an increase of heat, it tilts the weights 
vv hi towards the axis of motion ; when it bends down- 
wards by an increase of cold, it tilts them outwards. «If 
the distance between v and a were constant, it would tilt 
the weights outwards very nearly the same distance as it 
tilts them inwards, and no advantage over the ordinary 
balance would be gained. The distance, however, between 
V and 8 varies by the bending of the staples with the tem- 
perature, for an increase of heat it is greater, for a decrease 
smaller ; and it is obvious for any given tilt inwards, the 
higher v is from r the greater will he the distcmce that v 
will he deflected inwards, and for the same amount of tilt 
outwards, the nea/rer v is to r the less will he the dista/nce 
that V will he deflected outwards. In other words, v will 
approach the centre for a given ascent of temperature 
more rapidly than it will recede from it for the same 
decrease. 
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80. Bate of a Chronometer is its gain or loss each 

day. It is generally but a second or two, and is deter- 
mined by lunar observations, or by an astronomical 
clock, or by noticing the change in any given voyage, 
which is its sea rate. 

81. Beading the Chronometer — Civil and Astrono- 
mical Time. — ^When at sea, and the master looks at his 
chronometer and finds it indicating a certain time, it is 
sometimes puzzling to know whether it be (say) 7 o'clock 
in the morning or the evening at Greenwich, in conse- 
quence of civilised nations in general having adopted the 
absurd custom of having the twenty-four hours of day 
and night divided into two twelves, instead of reckoning 
straight on from one to twenty-four o'clock. Common 
sense would tell us that if there are twenty-four hours 
in the day, we ought to have thirteen, fourteen, etc., up 
to twenty-four o'clock, the same as the Italians have. 

Astronomical Time begins at 12 o'clock one day, and 
ends 24 hours after at noon next day. Civil Time begins 
at 12 o'clock at one night, and ends at midnight on the 
next. Astronomical time counts twenty-four hours; 
civil time two twelves. 

Owing to this difference of civil and astronomical time, 
with the difficulty above alluded to, it is necessary to 
show clearly how at all times the exact date may be 
determined from the chronometer. 

Take the civil date as May 31 day 8h. 30m. a.m. ; the 
astronomical date corresponding to this is May 30 day 
20h. 30m. It is at once seen that the chronometer 
cannot indicate such a date, but it ought to do so to 
avoid confusion. The following rule is deduced from 
what precedes : — 

To find the astronomical date from the time shown by 
the chronometer. 

If it be a.m, time, add 12 hours and call it the day 
before to obtain the astronomical date; but when the time 
is P.M. no alteration is necessary, since the chronometer 
then indicates astronomical time. 
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The difficulty, whicli arises from the ambiguity of the 
chronometer, may be overcome by taking the ship time 
and applying to it the longitude by account. This will 
give us the Greenwich date very nearly. 

16. The ship time is 10 A.M. June 4 day, and the longitude by 
account is 20° 30' E., what is the time at Greenwich ? 

Ship time,. ...June 3 day 22h. Om. Lon. in time. 

Longitude E., lh.22m. 20° 30' E. 

Green, date, June 3 day 20h. 38m. £ 

6, 0)8,2 

Ih. 22m. E. 

. * . the 8 o'clock, as shown by the chronometer, is 20 hours, and 
not 8 hours. 

17. The ship time is June 10 day 3h., the lon^tude by account 
is 125° W. ; find the Greenwich hour indicated by the chrono- 
meter. 

Ans. Chronometer shows llh., etc.; this is P.M. ,\ tho 
chronometer indicates the correct hour. 

18. The ship time is June 12d. 6h., the longitude by account 
is 135° W. ; what is the Greenwich hour indicated by the 
chronometer ? 

Ans. Chronometer shows 3h., etc. ; this is 3 in the morning, 
or June 12 day 15h. 

19. The ship time is June 12 day 6h., the longitude by account 
is 135° E. ; what is the Greenwich hour indica^ by the chrono- 
meter? 

Ans. Chronometer shows 9h., etc. ; this is 9 in the morning, 
or June 11 day 21h. 



EXERCISES CHIEFLY FROM EXAMINATION PAPERS. 

20. State the errors to which the sextant is most liable, and 
the methods of detecting and correcting them (1861). 

21. Give the mathematical principles of the vernier (1861). 

22. Give the geometrical prmciples of the sextant (1861). 

23. Why on a sextant, with an arc of 60°, do we find 120** 
marked upon it (1862) ? 

24. What is the index error of a sextant ? How is it obtained 
with the greatest accuracy ? and what determines its sign, plus 
or minus (1863, 1865) ? 
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25. Explain the constmction and nse of the sextant (1864). 
What are the adjustments of a sextant ? Show how to find the 
index error by measuring the diameter of the sun on and off the 
arc (1871). 

26. The reading on the arc is 31' W^ and that off the arc is 
33' Aff' ; what i9 amount and algebraical sign of the index error 
(1871) ? Am, Index error + 1' 10". 

27. In the sextant the index correction is half the difference of 
the sun's diameter measured off and on the arc ; required a proof 
(1866). 

28. State the principle of the sextant. How laige an angle 
can I measure with a sextant whose limb contains 70° ? What 
do you mean by the index error ? Show how to find it (1869). 

Am, 140*. 

29. What is a chronometer ? Describe one. . 

30. To what errors is the chronometer liable? and show 
clearly a method of compensating for these errors. 

31. What do you mean by the rate of a chronometer? How 
are chronometers rated? 

32. To what ambiguity does our present mode of coui:,^iing 
time subject us ? Show by illustrations the difference between 
civil and astronomical time. 




CHAPTER V. 
ALTITUDES— CORRECTIONS. 

Definitions — ^Dip — ^Proof for Dip — ^Table of Dip — Examples — 
Refraction — ^Proof for Refraction — ^Illustration — Parallax—" 
Parallax in Altitude— Horizontal Parallax — Proof for Par- 
allax, 

82. The Altitude of a celestial object is its height 
above the horizon, or it is the arc of a circle of altitude 
passing over the body which is intercepted between the 
object and the horizon. 

83. The Observed Altitude is the altitude as meas- 
tired by the sextant. 

84. Apparent Altitude is the altitude as it appears 
to the observer, or it is the observed altitude corrected 
for index error and dip. 

85. True Altitude is the observed altitude corrected 
for refraction, parallax, index error, and dip, or the alti- 
tude as seen from the centre of the earth. 

86. The True Place of a heavenly body is the posi- 
tion in which it would appear if seen from the centre of 
the earth. 

87. The Apparent Place of a heavenly body is its 
position as seen from the position of the spectator. 

The altitudes of the sun, moon, etc., as determined by 
the sextant, are liable to error on account of the (1) 
indeo6 error of the sextant ; (2) because the eye of the 
observer is above the 8v/fface of the ea/rth ; (3) on account 
of the effpscta of the atmosphere upon the rays of light 
passing through it from the object to the observer's eye ; 
(4) also it is very difficult to properly obtain the centre of 
the 8wn in an obserration ; and (5) the observer is at the 
9v/rfa/G6 of the earthi and not at the ceatre. 



64 



KAUnCAL AfirrBONOXT. 




(1) The Index error has already been discossed. 

(2) The Dip. — ^The higher we rise aboTe the earth the 
more of its surface is exposed to our view, the more does 
its vast size dawn upon us, and, if near the sea, the 
more apparent becomes its rotundity. If, then, as we 
ascend more objects come into view, it is quite evident 
that when we see a celestial object from any altitude 
above the sea, our observed altitude will be too great. 
The height of an object above the horizon of any given 
place on the earth's surface, is greater than ite true height 
above the horizon by the angle subtended by a horizontal 
line from the spectator's eye, and a tangent to the earth's 
surface from the place of observation. 

Dip is the correction to be made in any observed alti- 
tude, on account of the sphericity of the earth and the 
height of the spectator. 
Proof for Dip — 

Dip in minutes = '9752 sjhf h being reckoned in feet. 
In the annexed figure, suppose H'HX is the meridian 
of the observer. 

Let C be the centre of the earth, H E the observer. 

Draw SE perpendicular 
to E H from the obser- 
ver's eye. Let S' be the 
sun, or other celestial ob- 
ject ; then its apparent 
altitude to the observer 
is the arc A S' or angle 
AES'. The dip is the 
angle SEA; the true 
altitude S E S'. 

It is very evident from 
the above, and by an in- 
spection of the figure, 
that the following equa- 
tion always holds good : 
Alt. = ^AES'-SEA 




» f 



True alt. = apparent ftlt. ^ dip. 
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Join H' C, when angle C H' E is a right angle, 

.'. H'CEaiidH'EC = aright angle (a) 

But S E C is a right angle, 

.'. SteH' + H'EC = aright angle. 

.-. SEH' + H;EC = H'CE + H'EC(froma). 

Omit the common angle H' E C^ then 

SEH' = H'CE. 
. *. the ^H' G E at the centre of the earth is the dip. 

Cos. H'CB =?^ = ^^'^^, hutH'C = HC = r 

CE HC+HE' 

.-. Cos. H'CE = — ^^, 

r+HE 

Subtract each side from unity, we have 

1-Cos. H'OE = !Lt5J " *■ aet H E = h) 

1-Cos.H'CE = 



Let ZH'CE be called C; and since h is very very small 
compared with the radius of the earth, we may neglect it 
in the large denominator, and write the equation thus— 

1-Cos. C = - 
r 

but •.• Cos. = 1-2 Sin.'? 

.-. 2Sin.2? = ^ 
2 r 

.'. 4Sin.»9 = ^ 

2 r ) 

Extracting the square root, 

2Sin.C_^,-^yr 

or, Srn. 5 = V^ X 727^ 

The angle | being very smaU, we may write ^ x Sin. V 
for it (C being minutes of arc), 

••• g X Sin. r = V^x J^ 

~ /2 1 

. •, C = \/h X /- X -■: = dip in minutes of arc. 

Jr Sxn. V _- 
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Bj substdtutiiig the proper value for r and Sin. l'. 

Dip in minateB = ^/4 x 1*0639 
now making due allowanoe, about -^ for re&aotion, 
Dip in nunuies = ^/iTx H x 1*0639 

= -9752 V^ 
thus we see that the dip in minutes equals the square 
root of the height very nearly. 
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Dip has always to be subtracted, because when the eye 
is above the level of the sea^ we measure the altitude of 
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an object from a little below the sensible horizon; or the 
altitude that we measure with a sextant is greater than it 
should be, because the observer brings the image down to 
his horizon, which is lower than the horizon made by 
drawing a tangent to the surface of the sea immediately 
beneath the feet. In the figure the height H E of the 
obserrer ia a vast deal greater than it should be in com- 
parison with HX, the diameter of the earth, and, there- 
fore, the angle S E A ' is distorted to a size immensely 
greater than the real angle. 

Find the dip for an altitude of 200 feet. 

Dip=-9752 V^ 
Log. 200 = 2 )2-301030 

ri60515 

Log. -9752 = 1-989094 

Log. 13-79 = 1 139609 
60 



47*40 

Ans. Dip 13' 47". 

Logarithm of 200 was taken from the tables and 
divided by 2 to find the square root, then log. '9752 was 
added to it. This gives log. 13''79, or the dip in minutes. 

Let the student for practice taJke any of the heights 
given in the table and find the dip. It will be found a 
very good exercise by^hich to obtain a knowledge of the 
tables. We give one more illustration. 

Given the height of the eye above the level of the sea 85 feet; 
what is the amount of ^p ? 

Log. 85 = 2) 1.929419 

•964709 

Log. •9752= 1-989094 

Log. 8 -991 =.-953803 
60 

69-460 Ans. Dip 8^59''. 

(3.) Befraction. — ^Refraction is the allowance made 
in an observed altitude consequent upon the deflection 
of the rays of light which come from the celestial object ^ 
to the observer's eye. Its amount depends u^on. tV^ak 4U 
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density and quantity of the different strata of air through 
which the rays of light pass. Hence the refraction is 
greatest when an object is in the horizon, while it gradu- 
ally diminishes to the zenith, where it is nil. 

The density of the air g^tulually increases from its 
highest elevations to its greatest depths. We may sup- 
pose it to consist of layers lying one upon the other, each 
of which insensibly increases the amount of refraction, 
so that when we consider the strata as indefinite in 
number, we shall get the ray of light in a curve; and as 
we always see an object in the direction in which the ray 
of light last comes to the eye, the object will be seen in a 
tangential direction to the curve where it enters the eye. 
Hence the object is seen higher than it really is, so that 
refraction has always to be subtracted. 

We may now more clearly state how refraction is 

measured. Effraction is measured by the angle between 

the tangent to the curve thus formed from the observer's 

eye, and the direction of a ray as it would have come to 

the observer uninfluenced by the varjdng density of the 

atmosphere. 

Froqf that Refraction 

=57" Tan. zen. dis. (nearly.) 

The sine of the angle of incidence with which a ray of 
light falls upon a body, always bears a constant ratio to 
the sine of the angle of re&action when the ray passes 
from one medium to another. This is called the index 
of refraction, and varies with the medium, but is always 
the same for the same medium. 

Let m be the mean refraction, 
r ,, constant ratio. 
z „ anele of refraction. 
.*. z+mia the an^e of incidence. 

Hence we shall have from the index of refraction — 

Sin. (2 +m)=r Sin. 2. 
. '. Sin. z Cos. 771+ Cos. z Sin. m=r Sin. z. 

The mean refiuction when at a Tnayirniim is oxiljr 33 or 



ILLTTSTIIATIOK OP REPRACTIOK. 



(59 



35 minutes, and, therefore, without introduoing any per- 
ceptible error, we may take 

Cos. m=Cos. 0=1, and Sin. m—m" Sin 1". 
Hence Sin. 2 Cos. m+Cos. z Sin. m=r Sin. z 
becomes Sin. z+m" Sin 1" Cos. z=r Sin. z, 
.*. m" Sin. 1" Cos. 2=r Sin. 2 -Sin. z, 

= Sin. z (r-1). 
Sin. 2 r-1 



971 = 



Cos. 2 

=Tan. 2 



Sin. 1" 
r-1 



Sin. 1" 

It is found that after allowing for the temperature, 

r-1 
density, etc., of the atmosphere, -; — — - may be taken as 

bV for a constant quantity, and as 2; is the zenith dis- 
tance, or may be taken for the zenith distance, therefore 

Refraction in seconds =5T Tan. zen, dis, (nearly). 
In consequence of the refraction changing veiy irregu- 
larly, when an object is near the horizon this formula does 
not hold good for altitudes imder 12° or 13°. 




niostration of Refraction.— Let N W S E represent 
the earth; W the position of a spectator on its surface 
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S an object seen by a person stationed at W; the circles 
around the earth different strata of air. 

A ray of light starting from the . object S enters the 
atmosphere'at a, and passes through the first lay6r, being 
refracted; it is again refracted in the second, iMrd, etc., 
till it reaches the spectator's eye at W; the spectator 
sees the object in die direction in which the ray last 
comes to his eye. Hence he sees it at S' in the direction 
WS'. 

The object appears to be higher than it really is, 
so the amount of refraction has always to be sub- 
tracted. 

(4) Parallax. — Parallax of the sun is the apparent 
size of half the diameter of the earth, as it would be 
seen from the sun's centre, or half the angle between two 
lines drawn from the sun to the outside of the earth at 
the equator, which manifestly varies inversely as the 
sun's distance. According to the latest average of obser- 
vations, the sun's parallax is 8'''943, and not S^'ST as 
formerly given. It is by using 8". 943 for the parallax 
that has given 91,404,000, which is the mean of 89,860,000 
and 92,950,000, as the sun's distance, instead of 95,383,000 
miles. The parallax of the sun has been determined by 
the transit of the planet Venus. 

The moon's parallax is the apparent semi-diameter of the 
earth as seen from the moon ; the moon's mean parallax 
is 57' 2". The above definitions of parallax, and the fol- 
lowing illustrations, are taken from Denison's Astronomy 
witlwut Mathematics, Two observers, one on one side 
of the earth, the other on the opposite, as far apart as 
they can be, will, if they both look at the moon, see her 
apparently covering two different places among the stars 
behind her, as a post covers different places in^ the wall 
behind it when seen by different observers standing apart; 
or she will appear at a different distance from the same 
star that may be quite close to her; this distance is 
measured by the angle between the two lines from the 
observer to the moon's centre and the star. The difference 
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between the angles as seen by the two observers is the 
parallax. . 

Suppose AB to be 
the earth, C its centre, 
A the position of a 
spectator, Z his zenith, 
s the position of the 
moon, Mercury, etc. 
A person standing at 
A would see the object 
s on the celestial con- 
cave at a, while to a 
person at the centre of 
the earth, it would 
seem to be at 6; the arc 
ahf or the angle ash, or A^, is the parallax. 

When an object is supposed to be seen from 0, the 
centre of the earth, its position is called its true or geo- 
centric place. Hence h is the true or geocentric place of 
8, When the radius of the earth is taken as the base of 
the triangle «AC, then ash is the diurnal parallax or 
paraMcKC m altitude. 

When the body, as M, is in the horizon, then angle 
dM.c, or AMC, or arc dc, is the horizontal pa/raMax, 

It is clearly manifest by closely inspecting the figure, 
that the parallax of an object is greatest when it is in 
the horizon, and that it gradually diminishes as the body 
rises in the sky, until it arrives at the zenith, where the 
parallax vanishes, the two lines C6 and Aa coiuciding with 
CZ. 

It is also obvious that the altitude of an object as seen 
£rom the earth's surface, is less than it would be if seen 
from the earth's centre, hence parallax is always added to 
the apparent altitude to find the true altitude. 

Parallax depends upon the distance of an object from 
the spectator; the nearer the object the greater its paral- 
lax with a given movement. Let X be the place of an 
object much nearer than 8, then its parallax hx, or angle 
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hXsjn, is much greater than ah or angle haa. The moon 
being near the earth, its parallax is greater than that of 
any other heavenly body. The stars are at such an im- 
mense distance, that they may almost be said to have no 
parallax. 

A familiar illustration is afforded by the following fact; 
If a fire or a light be a certain distance away, and we 
move at right angles to it, and it changes its position, it 
is near; but, if we move a long way, and it retains its 
position, it is a great distance away. 

Proof that 

para, in aU. =^?iorizontal parallax x Sin. app.'zen, die. 

In the last figure 

A « C is the parallax in altitude =jp 

AMG ,, norizontal parallax =A 

a or C M is the distance of the body =<l 
Z A a is the apparent zenith distance. 

In tiiangle A « C we have 

AC _ 21 _ Sin. As C _ Sin, p ,,» 

C« d ~ Sin. ZAa* Sin, app, zen. die* 

Again, from the right-angled triangle C A M — 

Sin. C MA or Sin. hor, para, = ^ = I (2) 

CM a 

Therefore, from (1) and (2) we have the equation 

Bm.hor.para,= ^L£ ... each=!l 

. . Sin. app. zen. die. d 

.*. Sin. p = Sin. hor. para, x Sin. app. zen, die. 

But since parallax, even in the case of the moon, is 
always very small 

. .. Sin. p=p" Sin. 1", and Sin. hor. para. =hor. para." x Sin. V 

.*. p" Sin. V^= hor. para." Sin. l"xSin. app. zen. die. (cancelling). 

. •. p or para, in aU. = ?ior. para, x Sin.q^. zen. die. 

The positions on the celestial sphere of the sun, stars, 
etc., on the one hand, and the moon alone on the other, 
are a little different to what we shoidd expect looking at 
^ I AO '.* Sin. of an angle =: Sin. 'of ito lupplement* 



EXERCISES. 73 

them superficially. THe moon, in consequence of the 
parallax exceeding the refraction, always appears lower 
in the sky than its true geocentric place, but the sun and 
other heavenly bodies always appear higher than their 
true geocentric position. 



EXERCISES CHIEFLY FROM EXAMINATION PAPERS. 

1. What is meant by correction for dip ? Give a formtda for 
calculating its amount (1866). 

2. What is meant by the correction for refraction ? How does 
it afifect the observed altitude of a heavenly body ? Qbtain an 
expression for calculating the refraction for any zenith distance, 
explaining the meaning of each of the terms ? Within what 
limits is the expression to be relied on (1866) ? 

3. What is meant by the correction for refraction ? How is it 
applied to the observed altitude to obtain the true altitude ? 

4. The observed altitude of Regulus was 36*" 15' 12''; what is 
the altitude corrected for refraction (1866, 1867) ? 

Ans. 36* 13' 64" -5. 

5. What is a parallax? How does it affect the apparent posi- 
tion of a heavenly body ? What is meant by the augmentation 
of the moon's semi-diameter (1867) ? 

6. Show how to correct an observed altitude of a heavenly 
body for dip (1863). 

7. Prove that horizontal parallax x Cos. apparent alt. = parallax 
in alt. (1863). 

8. Investigate an expression for computing the parallax in 
altitude of a heavenly body (1864). 

9. Explain what is meant by correction for dip. Calculate a 
formula for it (1865). 

10. What is meant by the correction of parallax ? Given the 
apparent reduced zenith distance and horizontal parallax : show 
how to calculate the diurnal parallax, and thence ti^e true re- 
duced zenith distance (1865). 
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CHAPTER VL 
DECLINATION AND EQUATION OP TIME. 

Definition — ^Explanation — Correction — ^Hourly Difference— Ex- 
amples — ^Equation of Time Vanislies Four Times a Year — 
Correction — ^Examples. 

88. The Declination of an object is its angular dis- 
tance north or south of the equator. 

The declination of the sun changes every moment. It is 
always either increasing or decreasiisg. The sun crosses 
the equator on the 20th day of March, 1874, when its 
declination is nil; from that instant its north declination 
gradually increases till the 21st day of June, &om which 
date it decreases till the 22nd day of September, when the 
sun crosses the equinoctial line, and we have south de- 
clination, which increases till the 21st day of December, 
after which it decreases till the 20th day of March. 

On the 21st day of June sun's declination is 23* 27' 27"-6 N. 
On „ 21st „ Sept. „ „ „ 23* 27' 24" -2 S. 

On pages I. and II. for each month in the Nautical 
Almcmo/C will be found the declination of the sun for each 
day of the month at noon ; on page I. for apparent noon, 
on page II. for mean noon ; also on page I., in the sixth 
column, is found the difference for one hour. This differ- 
ence for one hour has to be applied to the declination 
both for apparent and mean noon, to find the correct 
declination for any time preceding or following noon. 

Suppose the " difference for one hour" is 20'^*32, and 
we want the declination for three in the afternoon, when 
the declination is increasing, we have to multiply 20^*32 
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by 3 = 60'^-92, which is the difference for three hours, this 
being added to the declination for noon gives the declina- 
tion for three hours after noon; it is evident that had the 
declination for three hours before noon been -wanted, we 
must subtract this "difference" to obtain the true de- 
clination. 

1. The declination for mean noon June 10 day, 1874, is 23° 1' 
64" '4 N., increasing the hourly difference 11" '44; find the decli- 
nation for June 9 Say 18h. 24m., and for June 10 day 5h. 36m. 

It is seen that ISn. 24m. is the same time before noon that 
5h. 36m. is ofUr noon. 

Dec. for June 9 day ISh. 24m. H. D. 

Dec. 23M'64'^-4N. 11" 44 

-V 4"'06 5;6 

Dec. 23*0' 60" -34 N. 6864 

6720 

'64064 
Dec. for June 10 day 6h. 36m. 
23** 1' 64"'-4N. 
+r 4" 06 ; 

Dec. 23** 2' 68"-46 N. 

The hourly difference (H. D.) is put down, this is mul- 
tiplied by 6*6, because 5h. 36m. = 6-6 hours: the result 
is 64'''06 to be applied to the declination. 

The 64'''06 is subtracted to find the declination for 
June 9 day 18h. 24m., because as the declination is 
increasing 5*6 hours before noon, it m/uat have been less 
than at noon, and certainly 6*6 hours after noon it will 
be more if increasing , hence to find it for June 10 day 
oh. 36m. the H. D. is added. 

To correct the sv/rCs declination. — (1) Take out the 
declination for the nearest noon to the Greenwich date, 
and the hourly difference. 

If you are using mean time, take out the declination 
for meam, noon, if apparent time for a/pparent noon, 

(2) Multiply the hourly difference by the number of 
hours before or after noon, taking care to reduce the hours 
and minutes to the decimal of an hour. 

Or else multiply by the hours, and take parts for the 
minutes and seconds. 
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(3) If the declination is increasing, add if you go for- 
ward, that is, if it be p.m. time; subtract if it be a.m. 
time, or if you go back. 

If the declination is decreasing, subtract if it be p.m. 
time, add if a.m. time. 

2. The declination for apparent noon 25th November, 1874, is 
20*" 47' 28'''1 S., increasing the hourly difference 29^*26; find 
the declination for Nov. ^ day 4h. l(hn., and for Nov. 24 day 
19h. 60m. apparent time. 

As before 19h. 5(hn. is the same time before noon that 4h. IQm. 
is after noon. 

Dec. for 24 day 19h. 5(hn. H. D. 
20° 47' 48"1 S. 10=i 29" -26 
2' 1^-91 4 

Dec. 20' 45' 46''19 S. 117" -04 

4" '87 

6,0)12jr91 

2' r-91 

Dec. for 25 day 4h. 10m. 
20M7'28"1 S. 
0° 2' r'91 

Dec. 20** 49' 30" 01 S. 

3. What is the corrected declination for mean time, January 
31 day 18h. 42m., and for February 1 day 6h. 12m., when the 
declination for February 1 day mean noon is 17** 3' 38" S. decreas- 
ing, and hourly difference 42' 81"? 

Jan. 31 day 18h. 42m. H. D. 

Feb. 1 day, dec. IT 3' 38" S. 42" 81 42"-81 

0'*3'49"-89 5-3 62 



ir r 27" -89 S. 12843 8562 

21405 25686 



6,0)22,6-893 6,0)26,5422 




8' 46"-89 4' 25"-4 

February 1 day 6h. 12m. 

17** 3'38"S. 

Qo 4/ 25"-4 

16** 69' ir -6 

4. Find the corrected declination for mean time 1874, June 
12 da,Y lb. 2(hn. lOsec, when the declination for mean noon is 
23* lO' 14" '8 N. increasing, hourly difference 9'41sec. 

Ann. 23^ 10' 27" N. 
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tkm for Beam MMK s ir ST ST ^ & deci«Mn«^ Wu^ diff 
enoe S« aeeGods? ^M.ir^l4*a 

11. What im the eorrected HifrliiiitiiMi far ISJA, JaiiMiT 90 
day, Ifli. 19&I. 53nc seam inK at G^MBwieh, ^hyit^ dodiaft- 
tkm for meu noon Jannaiy 21 day is 19* 52" 27*^ & decTMauu^ 
honily differaioe 33-62 woonds? Am$. l^K* 4*^38. 

89. Equation of Time is the diflferenoe between mp- 
paront time and mean solar time. This equation of time 
vanishes four times in the year: in the year 1874 on 
April 15 day, June 14 day, August 31 day, December 
24 day. On November 3 day, the true scdar time is 
16' 19''-21 before mean or dock time; but on Febi^uaiy 
11 day it is 14' 29'''18 behind the dock time. It may 
have been observed that the afternoons appear longer 
directly after Christmas than before. We have hei^e tiie 
reason for it in the difference between sun time and dock 
or mean time. The causes of this inequality of the aolar 
days are — 

(1) The irregularity of the sun's motion in hii patb^ 
resulting from the elliptic form of the earth's orbit. 

(2) The inequality of the angles thi^ough which tho 
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meridian must revolve on successive days to overtake the 
sun, caused by the obliquity of its path. 

These two causes are expressed more simply thus — 

(1) The unequal velocity of the sim in his apparent 
orbit. 

(2) The unequal motion of the sun in consequence of 
the obliquity of the ecliptic to the equator, or in conse- 
quence of the sun moving in the ecliptic and not in the 
equator. 

Practically, the sun moves through the same path every 
four years; hence the equation of time is nearly the 
same every four years, so are also the times of sunrise 
and sunset. The equation of time is found on the I. 
and II. page of each month in the Nautical Almcmac, 
with directions as to its application. On page 1. is stated 
whether it is to be added to or subtracted from apparent 
time, and on page II. is stated whether the equation oi 
time is additive to or subtractive from mean time. The 
correction is found on page I., right hand column, and 
is applied and foimd in exactly the same way as that 
for declination. In fact, the rules for the correction of 
equation of time are precisely the same as those for decli- 
nation. 

12. The equation of time for January 12 day 1874 is 8m. 
37'34sec.y increasing subtractive from mean time; find that for 
January 12 day 3h. 24m. , when the hourly difference is '9598ec.; 
also find the apparent time. 

Apparent Time. 

b. m. sea 

M. T. Jan. 12 day... 3 24 
Equation of time. . . . . -8 40-6 

A. T. Jan. 12 day... 3 15 19*4 

3-260 ■ 

13. The equation of time for 1874 Nov. 16 day is 15m. 3*38seo. 
decreasing and to be added to mean time ; find that for Kov. 
15 day 20h. 17m. 128ec., when the hourly difference 19 '469 sec... 
%l90 mid the apparent tim^, 



Equa. of Time. 


Correction. 


m. 860. 


860. 


8 37*34 


•959 


3-20 


. 3f 


8 40*6 


2-877 




•383 
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Equa. of Time . Gorrection. 



m. sec. 
15 3-38 
1-74 

15 5-12 



sea 



30=J 
12=i 



48=tV 



•469 
3 



1-407 
•234 
•093 
•006 

1740 



Apparent Time. 

h. m. seo. 
M.T. Nov.l5day...20 17 12 

+ 15 5-2 

A. T. Nov. 15day...20 32 17*2 



14. Find the corrected equation of time for 1874 Nov. 16 day 
Ih. 51m. 24sec. ; also the apparent time at place when the equa- 
tion of time for Nov. 16 day at noon is 15m. 3'38sec. additive 
decreasing, hourly difference •469sec. 

A>»o i ^^* 0^ time, 15m. 2-51 sec. 
Am, I ^ ^^ 2h. 6m. 2651 sec. 

15. Find the corrected equation of time for Greenwich mean 
time 1874 January 12 day Ih. 56m. 40sec., that for mean noon 
being Om. 31-24sec. decreasing, hourly difference '515sec. sub- 
traction from mean time. Ana. Om. 30'3sec. 

16. Find the corrected equation of time for Nov. 9 day 18h. 
25m. 14sec. when the equation of time for mean noon Nov. 10 
day is 15m. 56'08sec. decreasing and subtractive, and the hourly 
dmerence -261sec. Ans, -15m. 57'53sec. 

17. What is meant by equation of time ? To what causes is 
it due ? 

1874 January 15 day, in longitude 27" 20' W., the apparent 
time at ship is 8h. 25m. 13sec. p.m., what is the mean time (1867) ? 



A. T. at 

Equa. of T 
m. seo. 
9 43-74 
9-0 


Greenwich I 
ship, Jan. 15 

Jan. 15 

ime. Gorre 
se 

10= t 

30=i 

3A 


)ate. " Longitude in Time. 

day... 8 25 13 27" 20' W. 
1 49 20 4 

day... 10 14 33 6,0)10,9 20 

Ih. 49m. 20 sec. 

ction. Mean Time at Ship. 

c h. in. sec. 
+ -88 A. T. Jan. 15 day... 8 25 13 
10 +9 52-7 


9 52-7 


8-80 
•146 
•058 
•007 
•000 


M. T. Jan. 15 day.. .8 35 5*7 



90U 
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18. 1874 June 10 day, in longitude 47* 18' 20" E., the apparent 
time at place is llh. 10m. A.M., what is the mean time ana equa- 
tion of time when equation of time for a^jparent noon June 10 
day is Om. 55'52sec. subtractive, decreasing, difference for one 
hour '496sec. 1 

A>no S Eq. of time, Om. 67*5 sec. 
-*"*• \ M. T., llh. 9m. 2-5 sec. 

19. 1874 July 21 day, in longitude 150' 18' 40" W., the mean 
time at place is lOh. 28m. 15sec. p.m., find the equation of time 
and apparent time at place. 

Tr««o+;/.« i 21 day=6m. 5-75sec. ) Q„i,f^^i.:„o J diflf. -125 
Equation I 22 day =Gm.8-458ec.r''^*^*'^M „ -100 

j-n« J Eq. of time, 6m. S'lsec. 

'^^' \ Ap. time, lOh. 22m. 6-9sec. 




CHAPTER VII. 



LATITUDE. 

The Altitude of the Pole is the Latitude of the Observer 
— ^Proofs — Proof for Meridian Altitudes — Rules — Ex- 
amples of Meridiui Altitudes of Sun and Stars, both 
above and below Poles — Artificial Horizon — Examination 
Questions. 

90. The Altitude of the Pole is the Latitude of the 
Observer. 

Let KWSE represent 
the sphere on the plane of 
the horizon, Z the zenith, P 
the north pole, W Q E the 
equator, and NPZS the 
meridian. 

The KP is the altitude 
of the pole above the horizon, 
and Z Q is the latitude of 
the place, for it is the dis- 
tance of the observer's zenith 
from the equator. ^ 

Because the pole of a circle is 90® from every point of 
that circle, therefore PQ = 90°; for a similar reason 
ZN = 90^ .-. PQ = ZK. Omit the common part PZ 
from each, .•. Z Q = PN, or the altitude PN of the pole 
is equal to the latitude Z A of the observer. We might 
have said — 




21 E 



••• PQ=ZN 
PZ+ZQ=PZ+PN 
.-. ZQ=PN 



F 
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Second Proof.— Jj^i SQPR 
represent the sphere on the 
plane of the meridian. Then 
Z is the zenith, HO the 
horizon, P the north pole, 
and QR the equator. I^ 

Let z be the position of a 
spectator. Then O P is the 
altitude of the pole above 
the horizon, and QZ is the 
latitude of the observer at «, 
for a « is the latitude, and arc aziA equal to Q Z, 
Now, Q P and Z are both quadrants of circles j 

.•. QZ+ZP=ZP+PO, 
Take away the common part ZP .*. QZ = PO, qt, aa 
before, the altitude PO of the pole P is equal to the 
latitude of the observer Q Z. 

91. To show how the Altitude of any Celestial 
Olgecty when on the Meridian, will give the Latitude 
of the Observer. — ^We have just proved that the elevation 
of the pole is the latitude of the observer. It is an 
equally simple problem to find the latitude from the 
altitude of an object when on the meridian. 

When an object is on the meridian, it is said to 
culminate ; and its culmination is when it attains its 
highest point 

When an object crosses the 
meridian, we speak of it as 
its transit over the meridian. 
Let this be a representation 
of the sphere on the plane of 
the meridiau. Let P be the ele- 
vated pole of an observer at «, 
H O the horizon, Z the zenith 
of the observer, Q B the 
equator. Then QZ or PO, 
lust proved, is the latitude of the observer. 
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Let Sj S3 S3 S4 be four different positions of a 
celestial object. 

The zenith distance is always equal to 90° - altitude. 

(a) When an object is at Sq, its declination is Sg Q> 
its altitude H S^-, and its zenith distance Z S^. 

. '. Latitude ZQ=S3Z-S3Q= zenith distance - declination. 

that is, when the zenitli is north, and the declination south, 
their difference is the loMtvde of the place, 

(5) When an object is at S^, its declination is Q Si, 
its zenith distance Si Z, and its altitude H Si. 

. '. Latitude ZQ=SiZ+QSi= zenith distance + declination. 

thai; is, when the zenith is north, cmd the declination north, 
their sv/m is the latitude of the place. 

(c) When the zenith is south, cmd declination north, their 
difference is the latitude of the place, 

{d) When tlie zenith is sou^th, a/nd declination south, 
their sum is the latitude of the place. 

From these four cases of meridian altitudes, we have 
these simple rules for finding the latitude. If the zenith 
and declination are both north or both south, add for the 
latitude ; but if one be north, and the other south, their 
difference will give the latitude. When both are north 
or south, then the latitude is north or south ; if one is 
north, and the other south, the latitude is of the same 
name as the greater. 

(«) When an object is at S3, it is said to be below the , 
pole. Then its altitude is O S3, its declination S3 B, its 
zenith distance S3 Z, and its polar distance S3 P. 

The polar distance is always equal to 90° ~ declination. 

QP=Z 0, both being quadrants, 
.-. Q Z+Z P=Z P+P O ; take away the common part Z P, 

.-. QZ=PO, 
.'. Latitude=P 0=P S, +85 0=polar distance + altitude ; 

that is, when an object is below the pole, its polar distance 
added to its altitude will give the latitude of the place. ^^ 
(/) When an object is at S4, it is said to be oSove th& -^V 
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pole, then its altitude is O S^, its declination is Q S^, and 
polar distance S^ P. 

Latitade=0 P=0 S^ - P S4 =altitude > polar distance ; 
that is, when an object is above the pole, its polar dis- 
tance subtracted from its altitude will give the latitude 
of the place. 
92. Latitude by a Circtun-polar Star.— When the 

altitude of the same celestial object is taken on the 
meridian, both above and below the pole, then half the 
sum of the altitudes is the latitude of the place. This 
is proved thus — 

Suppose So and S. are denominated the inferior and 
supeii^ positions of the same star ; the polar distaace is 
the same in each case. 

isumof alt.=J(S8 + S4 0) 

=i|(P0.-S3P) + (P0+S4P)|. 

But since S3 P = S4 P 

=JJ2P0[ 

=P 0= latitude, or the elevatioii of the pole. 

Before illustrating the six preceding cases by examples, 
it will be perhaps well to make clear what is meant by 
the expression introduced into the questions on meridian 
altitudes — ^the sun bears south, or die zenith is north, or 
the opposite of both these cases. 

If we say that the sun bears south, we mean that it is 
'in the south part of the heavens ; and, therefore, if we 
stand facing the sim, the zenith is north from it, for the 
north part of the horizon is behind us. Again, if the sun 
bears north, and we look towards it, the zenith bears south 
from it ; or carrying the eye from the sim to the zenith, 
it would go towards the south point of the heavens. The 
student will find it particularly to his advantage to turn 
back to the last figure, and consider the object in the 
various positions in which it is there placed; if the 
object be south of the equator, let him consider where his 
zenith is from it north or south ; and then he will perceive 
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tliat id obtain latitude, if the zenith is north and declinar 
tion north, or both south, he must add the two to obtain 
latitude, and in all other cases subtract. 

1. On Joljr 9d., 1874, in longitude 5V 25' 1^ E., the observed 
mericUan altitude of the sun's lower limh was 49*" 17' 2(r, the 
sun bearing S., the index error was -2' 16"^ and height of eye 
above the sea 18 ft. ; what is the latitude ? 

Greenwich Date. Lon. in Time. 

h. in. NO. 

Apparent time at place, July 9d. 51** 25' 16" E. 

Longitude in time 3 25 41 4 

Greenwich App. Time, July 8d. 20 34 19V' 6,0 )20^ 41 4 

3h. 25m. 41 sec. 

Declination. H. D. 

July 8d. App. no<m22'22'15"'l -18-04 6,0)41 

: +1 1-8 3-43 «d)267 

22" 23' 16" -9 N. 6412 —.43 

7216 
5412 

61-8772 

To correct ctUUfude cmdjind latihide. 

Obs. alt 49'17'20*. 

Error __-2 15 

49 16 6' 

Dip ^-1_S_ 

49"T0 67 
Semi-dia _J15_46-1 

49 26 431 
^j Eef -49 

49 25 64*1 ^ 

Para. +6 

True alt 49 26 O'l 

90 

Zen. die 40 sTTN. 

Dec 22 23 16-9 N. 

Latitude 62 67 17 N. 



This case is when the sun is at S^ (fig* p. 82) 



1 
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Explanation of this problem : — (1) The longitude is 
turned into time, and applied to the time at place to find 
the Greenwich date, according to the rules already laid 
down. 

(2) The declination is taken &om p. I. NcmtimL 
Almmouy for apparent time, because the sun attains its 
meridian altitude at Tuxmy cippa/rent time; not noon, mean 
time. This declination is tjien corrected, as explained on 
p. 75. The hourly difference is marked - , which means 
that the declination is decreaamg, and when marked 
+ it means that it is ifruyretmng^ — so the two signs in 
this case are not used in their ordinary acceptation; 
for, as previously explained, if we go back, although 
the hourly difference may be marked plus, it will have 
to be subtracted, while, on the contrary, when it is 
marked minus and we go back in time, it will have to 
be added. 

(3^ The altitude is corrected by appljdng 

(a) The index error; 

(6) The dip, which is always subtracted ; 

(c) The semi-diameter, taken from p. II. of Na/iUical 
Almancui; it is added because we want the sun's centre : 
if upper limb had been observed, it would have been 
subtracted to find the centre ; 

(d) The refraction, from table book, which is always 
subtracted; 

(e) The parallax, which is always added. 

These five corrections give us the true geocentric 
altitude. 

(/) The altitude is next subtracted from 90 to find 
the zenith distance. If the sun bears south, the zenith 
is Tiorth ; it is therefore marked N ; and the declination 
also being north, the two are added to give the latitude 
of the place, which is marked K", accordmg to the rule on 
p. 84. 

2. On February 14 day, 1874, in loncitude 61^* 26' 36" E., the 
observed meridian altitude of the sun's lower limb was 51° 17' 45", 
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zenith N., the index error was + 4' 15", height of eye 15 feet; 
required the latitude. 

Greenwich Date. Longitude in Time. 

h. m. sec. 

A. T. at place, Feb. 14day 61* 25' 36" R 

Lon. intime, 4 5 42*4 4 



Greenwich A. T.,....13day 19 64 176 



6,0)24^ 42 24 



4h. 5m. 42*480. 



Declination. 

Dec. Feb. 14day=12'*68'2"-6 S. 
Diff. +3 29-27 



m. 



Cor. dec 13 1 31-87 



6=A 



sec. 
^=^ 
10=^ 

2=i 



H.D. 

-5111 

4 



204-44 

4-26 

•42 

•14 

-02 





. 6,0 

..5r 17' 45 
.. +4' 15 


:iO,9-28 


Obs. alt 

Index error... 


3 29-28 

n 
ft 


51° 22' 0" 
Dip -3' 46''-6 

5V 18' 13"-4 
Semi-diameter. +16' 13" -6 

SI'* 34' 26"-9 
Eefraction -45" 


Parallax 


61** 33' 41"-9 

+6" 


True alt 

Zen. diR 

Declination... 


..5r 33' 46 
90** 

..38° 26' 13 
.13° 1' 31' 


"•9 

^•IN. 
^7S. 



Latitude 25° 24' 4r^23 N. 

This case is when the sun is at S9 

In this problem, although the declination is marked - , 
or decreasing, yet it is additive, the same as in the last 
problem, because we have corrected backwards for 4h. 
5ni. 42sec. 



3. July 10 day, 1874, in longitude SS** 16' 44" W., the observecl 
meridian altitude of the sun's lower limb was 45** 34' 26", aim 
bearing N., the index error was -67", height of eye 30 feet; 
required the latitude. 

Greenwich Date. Longitude in Time. 

h. m. sec 

A. T. at place, July lOday 36' 16' 44"W. 
Lon. in time, 2 21 69 4 

Greenwich A. T.,....10day 2 21 6*9 6,0)1 4,1 6 66 

2h«21m.6*98C. 

Declination. H. D. 

Dec. July 10day=22'' 14'60"-6N. - 19" 6,0) 69 

Diflf. -44"-6 2-35 6,0)2ni 

22^4' 6" N. 2115 —log 

236 

44-65 

Obs. alt ;....46' 34' 26" 

Index error -67" 

45- 33' 28" 
Dip -5' 20^' -5 

45° 28' 7"-6 
Semi-diameter. 16' 46"! 

45'' 43' 63"-6 
Kefraction -66" 

45' 42' 57" -6 

Parallax +6" 

True alt 45' 43' 3"-6 

90' 

Zen. dist 44' 16' 66" '4 S. ' 

Declination 2 2' 14' 6" K 

Latitude 22' 2' 60"-4 S. 

As declination is north and zenith south, the difference 
is taken and the latitude is south, because the greater of 
the two is south. 

93. Latitade by the Meridian Altitude of a Star.— 

This is a simpler problem, in theory, and enables an 
expert observer at sea to find his latitudes at any hour of 
the night, as there is always some bright star or other 
noar the meridian. The declinations of the stars change 
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Very slowly, so slowly that in the Nauti/ial Ahmomac it is 
only considered necessary to give the declination of the 
principal stars for every ten days. It is unnecessary to 
find a Greenwich date, and, as stars have no semi- 
diameter or parallax, we simply correct for index error, 
refraction, and dip, then find the zenith distance and 
apply the declination. The result will be the latitude of 
the ship or observer. 

4. On Aug. 21 day, 1874, the observed meridian altitude of 
Arcturus was 71** 17' 30", zenith N., index error -2' 25", height 
of eye 25 feet; required the latitude. , 

Obs. alt 7ri7'30" 

Index error -2 25 

71 15 5 
Dip.... -4 52-5 

71 10 12-5 
Ref. -19 

True alt 71 9 63-5 

90 

Zen.dis 18 50 6'5N. 

Dec 19 50 21 -4 y. 

Latitude 88 40 27-9N. 

5. On September 8 day 1874, the observed meridian altitude 
of « Serpentis, bearing N., was 39° 17' 20", index error + 3' 17", 
height of eye 12 feet; find the latitude. 

Obs. alt 39M7'20'' 

Error +3 17 

39 20 37 

Dip -3 22 

39 17 15 

Ref -1 9 

True alt 39 16 6 

90 

Zen. dis 50 43 54 S. 

Dec 6 49 21 2 N. 

Latitude 43 54 32-8 S. 

6. January 1, 1874, the observed meridian altitude of /3 Hydri 
above the south pole was 49** 16' 40", the index correction was 

- W 45", height of eye 16 feet; required the latitude. 
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Obs. alt. ... 49** 16' AQT Dec 77° 58' IT*Z S. 

Index error ~3 45 90 

49 12 65 Polar dis. WITW^ 

Dip -3 54 

49 9 1 

Ref -49 

True alt 49 8 12 

Polar dis.... 12 1 42-7 " 

Latitude .... 37 6 293 S. 

This case is when the star is at S, . 

7. January 10 day 1874, the observed meridian altitude of « 
Cassiopeiae below the north pole was 37° 18' 30", the index cor- 
rection was + 1' 25", and height of eye 14 feet; required the 
latitude. 

Obs. alt. . . . 37° 18' 30" Dec. 66° 50' 57" -5 N. 

Index error + 1 25 90 

37 19 55 Polar dis. 34° 9' 2"-5 

Dip -3 38-8 

37 16 16-2 
Ref -1 15 

True alt ...37 15 1-2 
Polar dis.... 3 4 9 2-5 

Latitude ... 71 24 3*7 N. 

This case is when the star is at S^. 

94: Latitude by Observations above' and below the 
Pole, 

8. January 31 day 1874^ the observed altitude of « Cassiopeia 
on the meridian below the north pole was 17° 16' 40^, and above 
the pole the same night it was 85° 32' 40", index correction in each 
cose was - 3' 18") height of eye 9 feet; what was the latitude? 

Obs. alt. 17° 16' 40" 86° 32' 0" 

Error... -3 18 -3 18 

17 13 22 86 28 42 

Dip -2 55-5 -2 555 

17 10 26-5 85 25 46*5 

Ref -3 3 17 7 235 

17 7 23-5 2 )102 33 10 

Latitude.... 51° 16' 35" N. 

One proof of this last process has been already given. 
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The reason for adding theso two altitudes and taking 
the mean to find the latitude, is very evident from the 
figure preceding. Suppose S3 to be a circumpolar star, 
as it moves round the pole, the circle it describes will be 
always at the same distance from the pole, because its 
pole is P, hence when at S^ we see that S4 and S3 being 
the same distance from P, the latitude or elevation of 
the pole is ^ (0 S3 + O S4). 

= J(0S8+0S3+PS8+PSJ = i(2 0S,+2PS,) 

= OSs+PSa^OP. 

. '. half the sum of the meridian altitudes of a celestial ob- 
ject above and below the pole is the latitude of the observer. 

9. Jtdy 10 day 1874, tibe observed meridian altitude of /3 
ChamsBleontis in an artificial horizon below the south pole was 
86** 26' 54", and above the pole 131" 65' 24", index correction 
- 1' 18"; what was the latitude ? 

To correct cUtitvdeB cmdfmd la/tUvde* 

Obs. alt 86' 25' 64'' IZV 66' 24" 

Index error -1 18 -1 18 

2 )86 24 36 2 )131 64 6 

43 12 18 65 67 3 

Ref -1 1 --25 

True alt 43 11 17 65 66 38 

65 66 38 

2 )109 7 65 

Latitude.... 64 33 67*5 S. 

96. Artificial Horizon. — ^It will be observed that a new 
term, ''artificial horizon,** is here introduced. It is an 
instrument consisting essentially of a small sheet of mer- 
cury, in which, when the sea horizon is obscured, the 
altitudes of objects are taken, by bringing with the sex- 
tant the true and reflected images together in the mer- 
cury. When an altitude is taken in an artificial horizon, 
the angle measured is double the real altitude. Hence 
we apply the index error, and take half the altitude for 
the observed altitude. To an altitude taken under theso 
circumstances no dip is applied. 
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EXERCISES FROM EXAMINATION PAPEtlS, 
THE DATES BJBING ALTERED TO 1874. 

10. August 16, 1874, in longitude 72* 41' W., the observed 
meridian altitude of the sun's L. L. was 49'' 16' 40" (zenith N. of 
the sun), the index correction was ~ 2' 10", height of eye 30 feet; 
required the latitude. 

Explain the reasons for the corrections you have applied to 
your observed altitude (1870). 

Aug. 16 day. Declination =13** 43' 51" N., H. D. - 47" '47. 
„ Semi-diam. = 15' 50"-2. 

A718. Lat. 54' 15' 44"-3 N. 

11. June 14^ 1874, in lon^tude 30°3(K E.,the observed meridian 
altitude of the sun's lower limb was 59' 45' 40" (zenith N. of sun), 
index error - 3' 50", and the height of the eye above the sea was 
19 feet; required the latitude (1866). 

June 14 day. Declination =23' 16' 57" 4 N., H. D. + 7"-36. 
Semi-diam. = 15' 46" '7. 

Ans. Lat. 53' 24' 19"-6 N. 

12. January 7, 1874, the observed meridian altitude of the 
sun's L. L. (zenith S. of sun), was 48' 13' 25", index error - 1' 20", 
and the height of the eye above the sea was 17 feet ; required tiie 
latitude (1866), longitude 16' 18' 25" W. 

Jan. 7 day, Declination = 22' 21' 48" -5 S., H. D. - 19" 34. 
Semi-diam. = 16' 18"-1. 

Ans. Lat. 63' 57' 50" S. 

13. May 1, 1874, the observed meridian altitude of sun's L. L. 
was 75' 10' 50" (zenith N. of the sun), index correction - 5' 60", 
and height of the eye above the sea 30 feet ; required the latitude 
(1866), longitude 50' 30' W. 

May 1 day, DecUnation 15' 6' 37"*7, H. D. +45"'29. 
,, Semi-diam. 15' 64". 

Ans. Lat. 29' 53' 49" -6 N. 

14. August 9, 1874, in Ion. 37' 30' W., the meridian altitude 
of the sun's L.L., was 53' 20' 40" (zenith N. of the sun), the 
index correction was +4' 20", and the height of the eye above 
the sea was 19 feet: required the altitude (1863). 

Aug. 9d. Dec. = 15' 51' 8" 5 N., H.D. -43" -38. 
„ Semi-dia. 15' 49". 

Ans. Latitude 54' 13' 26" '3 N. 

15. February 19, 1874, the observed meridian altitude of » 
Arietis, was 50' 25' 10* (zenith S. of star), the index error was 
+ 3" 10'", and the height of the eye was 12 feet : required the 
latitude (1866). 

February 20, Dec. a Arietis =22" 51' 58" -3 N. 

Ans. 16' 43' 50"-7 S. 
State the rule for finding the latitude of a place by observed 
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meridian altitude of a heavenly body, and illustrate by a diagram 
(1860). 

16. January 7, 1874, the observed meridian altitude of the 
sun's L.L. (zenith S. of sun), was 48** 13' 25", index error- 1' 20", 
and the height of the eye above the sea was 17 feet: required 
the latitude (1861), Lon. 55' 17' 20" W. 

January 7d. Dec. from N.A.=22^21'48"-5 S. 
H.D. - 19-34, semi-diameter 16' 18"-1 

Ana, Latitude 63' 56' 59" S. 

17. The altitude of the pole above the horizon is equal to the 
latitude of the place: prove this (1868). 

Prove the rule for calculating the correction called "the reduc- 
tion of the moon's horizontal parallax.'' Prove the rule for cal* 
culatingthe parallax in altitude from the horizontidparallax. 

18. What IS meant by correction for parallax ? How is it ap- 
pKed (1869) ? 

19. Find the rule for finding the latitude by a meridian alti- 
tude of a heavenly body above the pole, and draw dia^;ram8 for 
the following cases: — (1) Latitude of the place N., decimation of 
the body N., body S. of zenith; (2) latitude N., declination K., 
body N. of zenith; (3) latitude N., declination S.; (4) latitude 
S., declination S., body N. of zenith; (5) latitude S., declination 
S., bo^ S. of zenith; (6) latitude S., declination N. (1868). . 

20. f^rove the rule for finding the latitude by means of an ob- 
served altitude of a heavenly body, when the zenith distance is 
N., and the declination S. 

21. February 18, 1874, at a place in longitude 24' W., the meri- 
dian altitude of sun's upper limb is observed to be 18' 14', zenith 
N. of Sim, index error + 2' 30", and height of eye 18 feet: re- 
quired the latitude (1862.) 

February 18d., Dec. from N.A. =11* 34' 39"-8 S. 
H.D. -53"06, semi-diameter 16'12"-6. 

Ana. Latitude 69' O'Sr -4 N. 

22. September 28, 1874, the observed meridian altitude of « 
Cjrgni was 63' 5' 30", zenith N. of star, index error -1' 55", the 
height of eye 16 feet: required the latitude (1862). 

September 28, Dec. of a C^gni=44' 50' 8"-8 N. 

Ins. Latitude 71' 50' 7"-8 N. 

23. Show how to find the latitude by the observed meridum 
altitude of the sun, moon, or a star (1863). 

24. April 20, 1874, the observed meridian altitude of Alde- 
baran was 53°40'10" (zenith N. of star), index correction was 
+ 1' 10", and the height of the eye above the sea 16 feet: required 
the latitude (1864). 

April 20d. Dec. of Aldebaran is 16' J5' 1^"N. 

Am. Latitude 52' 38' 34" N 

25. June 27, 1874, the observed meridian altitude of Regulua 
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(zenith S. of star), was 59** 18' 25'', the index correction - 5' 50*, 
the height of the eye above the sea 30 feet: required the latitude 
(1866). 

June 27d. Dec. of Regulus=12'34'58''-3N. 

Ana. Latitude 18° 18' 21''-2 S. 

26. May 20, 1874^ the observed meridian altitude of « druis, 
was 74° 13' 20" (zenith N. of star), index error + 1' 20", the height 
of the eye 12 feet: required the latitude (1867). 

May 20d. Dec. of « Cruis=62°24' 18"-9S. 

Am. Latitude 46" 35' 22"-9 S. 

27. July 4, in longitude 36° 50' W. the observed meridian alti- 
tude of sun's L.L. was 36° 16' 20" (zenith N. of sun), index error 
-3' 55", and the height of the eye 16 feet: required the latitude 
(1866). 

July 4d. Dec. 22° 53' 26"-6 N., H.D. = - 13"-63, semi-dia. 15'46''. 

Ana. Latitude 76° 21' 67"-6 N. 

To find the altitude of cm object when on the meridian. 
- — In finding latitude it was proved that the latitude of 
the observer is always equal, when the celestial object is 
culminating, to the difiference or sum of the zenith dis- 
tance and declination^ according as they are marked 
north or south. 

(1) N. latitude = zenith dis. (N.)+dec. (N.) 
.*. Zen. dis. = N. lat. -dec. (N.) 

and Alt. = 90°-zen. dis. 

(2) N. latitude = zen. dis. (N.)-dec. (S.) 
.*. Zen. dis. = N. lat. + dec. (S.) 

Alt. = 90° -zen. dis. 

(3) N. latitude = dec. (N.)-zen. dis. (S.). 
. '. Zen. dis. = dec. N. - IN", lat. 

Alt. = 90° - zen. dis. 

We may treat south latitude the same, but the student 
must accustom himself to all these changes, and by vary- 
ing the question, he can find the altitude of an object at 
its transit at any place at noon. 

1. The declination of the sun is 16° 18' 12" S. and the latitude 
of an observer is 48° 17' 21" N. ; what is the altitude of the sun 
at noon ? Ana. 26* 24' 2r. 

2. The declination of the sun is 21° 17' 18" S. and the latitude 
of the observer is 45° 16' 19" N. ; find the altitude of the sun 
when on the observer's meridian. Ana. Alt. 23° 26' 23". 
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3. Find at what altitude, at a place in longitude 85° 17' 21" E. 
the sun passes the meridian on «fune 18d., the observer being in 
latitude 60' 17' 24" N. 



Greenwich date. 

h m 860 
A. T. at place, June 18d., o' 

5 41 9-4 



Longitude. 

85* 17' 21" E. 

4 



App. G. 4ate, 17d., 18 18 60-6 6,0)34,1 9 24 



5h. 41m. 9 -4860. 



Declination. 
18d. = 23° 26' 26" -3 

18"'4 

Cor. de^ 23* 26' . 8" N. 



H.D. 
30= J + 3-24 
5^ 

16-20 

10=J ^1-62 

1=A -64 

;05 

18-41 
9'4sec. are neglected* 

N. Lat. = zen. dia. (N.) + Dec. (N.) 
• % Zen. die. = N. lat. -Dec. (N.) 

Zenith distance. 
Lat. 60* 17' 24" N. 

Deo. 23 25 8 N. 

Zen. dis. 36 62 16 N. 
90 

Alt. of sun, 63* . 7' 44" Ana. 

4. Find at what altitude the sun will pass the meridian of a 
place in kt. 51* 16' 17' K, Ion. 8* 10' W., on June Id. 1874. 

Dec. June Id., = 22* 4' 34"-6 

H.D. = +20"-32 Ana, Alt. 60* 41' 28". 

5. Find at what altitude the sun will pass the meridian of a 
place in lat. 45* 20' N., Ion. 51* 4' 20" E., on May 4d. 1872. 

Dec. May 4d. = 15" 59' 50" -2 

H.D. = +43" -37 Ana. Alt. 60* 37' 23". 

6. Find at what altitude the sun will pass the meridian of a 
place in lat. 45* 16' K, Ion. 1* 50^ E., on Feb. lOd. 1874. 

Dec. Feb. lOd. = 14* 18' 3" -4 S. 

H. D. = -48" -87 Ans. Alt. 30* 17' 48". 

7. Find at what altitude the sun will pass the meridian of a 
place in lat. 10* 16' S., Ion. 51* W., on June 20d. 1874. 

Dec. June 20d. = 23* 27' 12" N. 

H. D. = + 1"16 Ana, Alt. 56* 16' 44". 
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CHAPTER VIII. 
LONGITUDE BY CHKONOMETER. 

The Condition of the Problem — Simple Illustration — ^the Elements 
of the Problem — Borda's Proof adapted to Logarithmic 
Computation — Examples — Sun Chronometer — Star Chrono- 
meter — Kules — Examples-^Examination Questions. 

96. Longitade is found at sea by many methods, but 
the simplest and the one most generally adopted will now 
be explained. When a master takes his vessel to sea, he 
secures a good chronometer, whose error and rate are 
known. Knowing the error with the daily rate of gain 
or loss, he can always tell the exact mean time at Green- 
wich. A watch cannot keep apparent time, because, as 
has already been explained, apparent days differ in length, 
being sometimes longer and sometimes shorter than at 
other times ; in fact, what is called the equation of time, 
which must be added to or taken from mean time to find 
apparent time, amounts at one time, Nov. 3d., 1874, to 
16m. 19*21sec. to be added to, and at another, Feb. 11 d., to 
14m. 29*18sec. to be subtracted from, mean time to find 
apparent time. Hence a watch, if it indicates anything, 
must necessarily indicate Greenwich mean time (G.M.T). 
The problem of finding longitude at sea simply resolves 
itself into this : if we can find the time at place, we can carry 
with us the Greenwich time, and the difference between 
these two times will be the longitude in time. Every 
altitude of the sun corresponds to a certain time of the 
day, before or after noon. Hence, if we obtain the alti- 
tude, we can find the time corresponding to this altitude; 
this is simply the problem now to be solved. 
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To find longitude is the most important problem in 
Kautical Astronomy. The finding of longitude depends 
upon calculating the hour angle and mean time at place ; 
then, if we can, from a good chronometer, obtain the correct 
Greenwich mean time, the difierence between the -two 
times is the longitude in time. The problem of finding 
longitude by chronometer depends upon the latitude of 
the observer, the altitude of the celestial object, and the 
declination of the sun. From these elements the apparent 
time at ship is found ; the above, or their complements, 
form the three sides of a spherical triangle, from which 
the angles can be calculated. The angle opposite the 
zenith distance, the complement of the altitude, is the 
apparent time at place in arc ; this being found and the 
equation of time applied to it gives the mean time at 
ship, and the difierence between the mean time at ship 
and the Greenwich time is the longitude in time; for 
instance, let it be supposed that we have worked out a 
problem, and find that when it is two o'clock in the after- 
noon at Greenwich it is eleven in the morning at ship, 
the difibrence in time is three hours or 45°, i.e., the ship 
is 45° to the west of Greenwich; had it, on the oilier hand, 
been one o'clock in the afternoon at Greenwich and four 
o'clock at ship, the difference, three hours or 45°, is the 
longitude east of Greenwich. 

Proof of Hule for finding longitude by chronometer. 
We will give Borda's proof 
and rule, than which no better 
exists. It is found in every 
work on Nautical Astronomy. 

Let this be a representation 
of the sphere of the heavens. 
P be the North Pole, Z the 
zenith, E Q the equator, H O 
the rational horizon of the ob- 
server, PO or EZ the latitude 
of the observer = 1, Z P is the co-latitude = (90 - 1). Let 
9 be a celestial object whose altitude SA is c& 

21 ^ a 
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Then S Z is the zenith distance = 90 - a 
Let the great circle pajssing through P and S be con- 
tinued till it cuts the equator in D, then 

D S is the declination ofS=d, 
S P is the polar distance of S =p = (90 - d). 
Then the hour angle is the angle Z P S = A. 

From the triangle Z P S we have, by the ordinary rules 
of spherical trigonometry, 

Cos zpg- ^Q'^- ZS-Cos. ZPCos. PS. 

Sin. ZP Sin. PS. 

Hence by substituting the terms given above for these, 
we get 

Cos 3^-- ^o8-(9Q--<^)"Oog«(90~QCoB.j >, 
Sin. (90-/) Sin. p. 
_ Sin, a - Sin. I Cos. p , 
Cos. I Sin. p, "" 

Subtracting each side from unity, 

1 - Cos. 7i= 1 - Sin, g- Sin..? Cos. j ?. 

Cos. I Sin. p. 
_ Cos. I Sin, p + Sin. I Cos. p - Sin, a , 

Cos. I Sin. p, 
_ Sin. (p-H^-Sin. a.. 
"^ Cos. I Sin. p, 

Eemembering that Cos. A = 1 - 2 Sin.® ^ and that 
Sin. A - Sin. B=2 Cos. A+^ Sin. Az^, we have 



2Sm.«'' = 



2CoB.P±I±^Sixx.P±^ 




2 Cos. I Sin, p. 1 

.% Sin. i = j Cos. ?±lt? Sin. P±^^ Sec, « Cosec, p I 
2(2 2 ) 

When we let S=^— g — we have, by taking the 
logarithm of both sides the equation, 

log. Sin,i= 1 1 logCos, S + log Sin. (S - a) +log Coaec, p +logSec. / 1 
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Rules for finding hngitvde hy chronometefi' — 

(a) find the Greenwicli date, as in the preceding 
examples, correcting it for the rate of the chrono- 
meter. 

(6) Correct the declination, and find the polar dis- 
tance : — 

The polar distance is the distance of the celestial object 
from the nearest pole to the spectator. If the decima- 
tion is N". and latitude S., or vice versa, add 90° to the 
declination for the polar distance ; but if both declination 
and latitude are of the same name, subtract from 90° for 
the polar distance. 

(c) Correct the equation of time : both declination and 
equation of time must be taken from II. page of Nautical 
Alnumac, but the equation of time must be applied ac- 
cording to the directions on page I. 

(c?) Correct the altitude. 

(e) Add together altitude, latitude, and polar distance, 
and divide by two. Subtract the altitude from the half 
sum, and call the remainder the difference. 

Take out the logarithms Sec. lat., Cosec. pol. dis,, Cos. 
half sum, and Sin. difference; add these four logarithms 
together, and take half their sum, then the sine of this 
half sum is half the hour angle in arc. 

(/) Having found the hour angle, reduce it to time ; 
and if the object be east of the meridian,* then subtract 
this from 24 hours. This is the apparent time at place. 
Apply the equation of time, and you have mean time at 
ship. 

{g) Now find the difference between the mean time at 
ship and the Greenwich date : this is the longitude in 
time. 

(h) The longitude is E. if the Greenwich date is 
earlier in the day than the ship time, and W. if it be 
later. 

An example will now be worked out, applying the 

* The sun is 15. of the meridian in the morning, and W. in 
the afternoon. 
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rules given above, by whicb the longitude may be found 
by chronometer under any circumstances. 

1. Junel2d, p.m. at ship in latitude 34° 10' S„ when a chrono- 
meter showed Ih. 20ni. 10 sec. p.m. at Greenwich, the observed 
altitude of the sun's lower limb was 16* 49* 37", index error 
- 1' 17", height of eye 16 feet ; required the longitude. 

On May 12d. at noon the chronometer was slow 35 m, 30 sec, 
and losing daily 2 seconds, 

Greenwich Time from chronometer. Eato. 

h. m. 800. 80C. 

" Junel2d 1 20 10 2 

Slow 35 30 30 

1 55 40 'go 

Loss 1 

G.M.T. Junel2d. Ih. 56m. 40sec. 




Declination. H. D. Eq. of Time. 

June 12d. =23' 10' 14"-8 N. +9-41* 0' 31" -24 

+ 18^-2 1-94 -0^^-99 

23" 10' 33" 3764 -0'30"-3 

90 8469 

Polar dis. = 113'' lO' 33" ?41 

18*2554 

To connect the altitude — 

Obs. altitude 16' 49' 37" 

Index error -1 17 

i6~48'"20" 
Dip -3 54 

16 44 26 

• . Semi-diameter +15 47 

r7 0~13" 
Refraction -3 1 

16 57 12 

Parallax +8 

• . - 16 57 20 



H.D. 

-•615 
1-94 

2060 
4635 
515 

•99910 
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To calculate the hour angle and mean time at plac6^^ 

a= 16''57'20'' 

1= 34M0' 0" Sec. 10082281 

p-n^J^jar Cosec. lO -036540 

."' 2) 164° IT 5y^ 

ST 8' 56' Cos. 9135451 

16^ 6r w 

65** 11' 36" Sin. 9957955 

2) 19-212227 

* Half -hour angle, 23' 48' 46" Sin. 9*606113 

2^ 

Hour angle,... 47' 37' 32" 
4^ 

6,0) 19,0° 30' 8" 

Apparent time at place, 3h.l0m.30-lscc» 

Equation of time, -0 30* 3 

Mean time at place, June 12d. . . . 3 9 59 '8 
M. T. at Greenwich, June 12d. ... 1 56 40 

Difference, ....♦ 1 13 19*8 

60 

4) 73 19 48 

Longitude 18' 19' 57" E. 



2. Nov. 10 day a.m. at ship (Port Louis in Mauritius), in lati- 
tude 20' 10' N., when a chronometer showed 6h. 54m. a.m. of 
same day at Greenwich, the observed altitude of the sun's lower 
limb was 46' 35' 30", index error 4^2' 17", height of eye 19 feet; 
required the longitude. 

On August 14 day the chronometer was 25m. ISsec. fast, and 
gaining 2-4 seconds per day. 

Greenwich Date. Bate. 

h. fii. sec. 88 days 

Chronometer Nov. 9 day 18 54 2*4 . 

Fast 25 15 -^ 

18 28 45 176 

^*® • "^ ^^ 6,0]2U^ 

Greenwich M. T. Nov. 9 day. 18 25 14 -gigj- 
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Declination. H. D. 

Nov. 10 day 17" ll'43"-2 S. +42"-14 

3^55^^ 5;68 

Cor. Dec 17* 7'48"-2 33712 

90 21070 

Pol. dis 107' 7' 48" 21070 

6,0)23^141^ 

3' 65" 

Equation of Time. H. T>^ 

m. sec. _ '261 

15 5608 6-58 
+ 1-45 



2088 
-15 57-53 1305 

1305 



To correct the altitude — 

Ob8.alt 4&' 35' 30" 

Index error +2' 17" 



1 '4563d 



46** 37' 47" 
Dip -4' 15" 




46** 33' ^" 
Semi-diameter +16' IFS ^ 

46** 49' 43"-8 
Befraction... ;..;... -54" 

46' 48' 49"-8 
Parallax +6" 

True altitude .46** 48' 56" 

' To calculate hour angle and inean time at pladc-^ 

a= 4&* 48' Se'* 

1= 20** 10' 0" Sec. 10*027470 
2; = 107° 7' 48"' Cosec. 10 019706 

2 )174° 6' 44"' 

87** 3' 22" Cos. I 8-710591 
46' 48' 56" ^ 

40** 14' 26" Sin. * 9 810229 

2) 18-568002 

Half -hour angle arc... ir 5' 15'" -3 Sin. 9284001 

2 

Houranglearc 22- 10" 30'"-C 

6,0) p°"42'~2 '" 
angle, time,E. ...Ih. 28m.42sec. 
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h. m. sec. 

Honr angle time, E 1 28 42 * 

24 V 

Hour angle time, W 22 31 18 

Equation of time, -15 57 '5 3 

Mean time at place Nov. 9d. 22 15 20*47 
M. T. at Greenwich Nov. 9d. 18 25 14 

3 50 6-47 
6 

4)230 6 28 

Longitude 57' 31' 37" E. 

3. February 9 day 1874, about 10 minutes past 9 in the even- 
ing at Plymouth, in latitude 50' 22' 25" N., when the chrono- 
meter showed 9h. 38m. Isec. the observed sdtitude of i HydrsB 
was 38' 55' 20" E. of the meridian, index error -4' 17", height of 
eye 54 feet; required the longitude. 

On January 1 day the chronometer was 10m. 12sec. too fast, 
and was gaining 1^ sec. per day. 



Greenwich Date. 

h. m. S0C. 

Chronometer 9 38 1 

Fast -10 12 

9 27 49 
-1 



Gain 

Green. M.T. Feb. 9d. 9 26 49 



'Kate. 
40 

Jl 
40 

CO 8®^' 



h. zn. sec. 
R.A. of • Hydr»=8 40 7*21 
Dec. „ 6° 52' 47" N. 

Polar dis. „ 83' 7' 13" 



B.A. of Mean Sun. 

h. m. sec. 
Sidereal time, 21 17 37*8 

( 9h. 1 28-7083 

Accel. '5 26m. 4*2711 

( 49sec. a342 

21 19 10-9136 



To correct the altitude — 

Obs. altitude 38' 55' 20' 

Index error -4' 17" 

38° 51' 3' 

Dip -7' 10" 

SS'' 43' 53" 
Refraction 1' 12^^ 

Time altitude .38- 4*2' 41" 



4 




104 iTAUTICAii AJiTlt6i?0M*. 

To calculate hour angle and mean time at place— « 

o= 38* 42' 41" ^ 

, I = 60»:22' 25" Sec. 10195329 

p = 83° r 13" Cosec. 10003139 

2) 172° 12' W i 

:::• 86° 6' 9" Cos. ^: 8832330 

|ii^ 38° 42' 41" 

47° 23' 28" Sin. " 9-866874 

2 )18-897672 

Half-hour angle," 16° 19' 29" Sm. 9-448836 

2! 

Hour angle arc... 32° 38' 68" 

4 

6,0) 13,0° 35' 52" ^ ^-^ 

Hour angle time, S. > 2h. lOni.35 '8sec. 

24 ' ^ 

Hour angle time, W 21 49 24-2 

R.A. of star 8 40 7*21 

30 29 31 *41 
It.A. ofmeansun 21 19 1091 S 

Time at Plymouth, Feb. 9d. 9 10 20*5 • r- 

TimeatGreenwich,Feb.9 d. 9 26 49 / ^^^ 

4) 16 28-5 '^ 

Longitude >. 4° T 7''-5 W. 

Bemarks on the three preceding examples : — 

(1) As the declination is N. and the latitude S., the distance of 
the nearest pole to the spectator from the sun is found by adding 
90° to the aeclination. In the next example declination is S. 
and latitude N., hence the same rule applies. In taking out 
Cosec. 113° 10' 32", either take out Sec. 23° lO' 32" or Cosec. 
66° 49* 28". The longitude is E., because at Greenwich it is ear- 
lier in the day. 

(2) In this, it will be noticed that the declination is corrected 
backwards, hence although the difference is marked -f- it is sub- 
tracted. The Cosec. of 107° T 48" is the same as Sec. 17° 7' 48". 
The observation for finding longitude was taken in the morning, 
hence the hour angle is subtracted from 24 hours. 

(3) This is a star chronometer ; the Greenwich date is found as 
usual. In stars the declination requires no correction, as it 
changes but slowly. It is an eastern hour angle. The time at 
Greenwich is later in the day than at ship, hence the longitude 
'TV. 



LONGITUDE BY CHRONOMETER. ' 105 

r 

All the following examples are taken from examination 
papers; properly, to suit 1874, the altitudes as given 
should be re-calculated, but for obvious reasons they are 
given precisely as the examiner gave them. In the case 
of some a different latitude or altitude ought to be given 
to keep them off the land ; as they stand they are not 
quite possible questions, but with that we have nothing 
to do; they are mere exercises to test whether the 
student under given circumstances can apply the rules 
he has learnt. Again, in some of the previous illustrations 
we have given examples which some over nice people 
would call " impossible questions," because if applied to a 
ship they would bring it on the land ; but they are not 
applied to a ship, but to any observer (we have merely 
supposed he can get a distinct horizon), and we have used 
them because they illustrate all points under consideration 
much better than ordinary examples. 

Although we cannot be too precise and correct in 
Nautical Astronomy, it is useless conjuring up such need- 
less difficulties as above referred to. Before proceeding 
we again call attention to one or two points. 

4. In example 5, following, the mean time at place and the 
longitude nearly or by account are given ; from these we get the 
Greenwich date thus :— 

Greenwich date nearly. Longitude. 

h. m. sec. 

Ap. 30d. 19 29** 30' W. 
Long. W. 1 58 4 

Ap. 30d. 20 58 C,0)TX8"0 



Ih. Dm. 58sec' 



Now we learn from this that the 8 o*clock shown by 
the chronometer is 20 hours at Greenwich, and we have 

Greenwich date by Chronometer. Bate. 

h. m. 860. 

April 30d. 20 24 29 22 

Slow 34 50 27 days elapsed. 

20 59 19 154 

Rate loss 5 9*4 44 

April 30d. 21 018-4 594 |d 
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The equation of time is marked - or + to be subtracted 
or added. This is one of those points in which the 
Htudent cannot always fully realize the exact state of 
the case without using the Nautical Ahnanac, Although 
all the elements for working each question accompany it, 
the student, from the commencement, will be wiser to 
entirely discard them, and use the Navi,ical Ahrumw^^ 
which he ifnust do in any examination. "We were going 
to speak of equation of time : the equation of time is 
taken from the second page of the month, because we 
are working with mean time ; but when our hour angle 
comes out it is apparent time, therefore the student must 
be guided by the^rs^ page as to what he must do with the 
equation of time, where it states whether it is to be added 
to or subtracted from apparent time (to give mean time). 

97. The Longitude by Account is the longitude as 
given by the ship's dead reckoning. 

98. The Hour Angle is B. or W.— If it be the sun it 
is east if the time be a.m. at ship, west if p.m. ; but as 
i*egards a star or any other celestial object, at the time of 
taking the altitude, the observer must notice whether it 
be east or west of the meridian. 

5. May 1, 1874, in latitude 29" 68' N., longitude by account 
29*^30' W., at 7 a.m. mean time at ship, the observed altitude 
of sun's L. L. was 21" W 11", index corr. -5' 50", the height of 
the eye above the sea 30 feet, at the same time a chronometer 
showed 8h. 24m. 29sec. ; April 3 the chronometer was slow on 
G. M. T. 34m. 50sec., and its daily rate was 2'2sec. losing $ re- 
quired the longitude (1868). 

May Id. Dec. = 15° 6' 40" N. H.D. +45*29 

lu. sec. 
,t Eq. of time - 3 2'81 H.D. + -318 

„ Semi-dia. 15 54 Ane, Longitude 29" 46' 3" W. 

6. October 30, 1874, p.m., in latitude 42° 7' N., the chronometer 
showed 6h. 10m. 6sec. (it being October 31, A.M., civil time at 
(Greenwich) when the observed altitude of sun's L.L. was 16"46' 10", 
index error - 3' 55", and the height of the eye 17 feet ; required 
the longitude. 

On September 27, at noon, the chronometer was too slow 
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on Gteenwich mean time 4m. 18'4sec., and gaining 5'26ec. daily 
(1871). 

Oct. 31d. Dec. 14° 9' 35' -2 H.D.+48"-64 

m. sec . 

„ Eq. of time -16 16-57 H.D.+ 088 
„ Semi-dia. 16 9 '5 

Alls. Lon^tude 134* (K 30" E. 

7. March 4, 1874, at 2h. 42m. p.m. (mean time nearly), in lati- 
tude 48" 48' N. and longitude by account 41** W., when a 
chronometer showed 6h. 13m. 48ec., the observed altitude of the 
8un*s L. L. was 26" 16' 50", index correction + 3' 20", height of 
eye 19 feet ; on February 2, the chronometer was fast 46 m. 10*5sec. 
on G. M. T., and its rate is 2'78ec. gaining; required longitude 
(1870). 

March 4d. Dec. =6° 23' 7" 4 S. S.D. - 57" '72 

m. sees. 
Eq. of time ==+1154*55 H.D. - 561 
Semi-diameter = 16' 9" 4 

Ans. Longitude 4r 38' W. 

8. January 2, 187,4, at 5h. 58m. a.m. mean time nearly, in 
latitude 51' 15' N., lonritude by account 65" 40' W., when a 
chronometer showed lOh. 24m. SOsec, the observed altitude of 
Pollux (W. of meridian) was 29" 54' 40", the index correction 
-1-5' 55", and the height of the eye above the sea 14 feet ; re- 
quired the true longitude. 

On December 15 the chronometer was fast on Greenwich mean 
time 5m. 20'5sec., and its daily rate is 3'5sec. gaining (1864). 

Dec. of Pollux, 28" 19' 46" '2 N. 

R. A. of Pollux, 7h. 37m. 37 'Olsec. 

Sidereal time, Jan. Id. = 18h. 43m. 52'068ec. 

Aiiif. Longitude 65" 36' \V. 

9. October 11, 1874, at 3h. 15m. a.m., in latitude 41" 10' S., 
and longitude by account 8" 30' E., the observed altitude of « 
Arietis, W. of the meridian, was 16" 49' 50", when the chrono- 
meter showed Ih. 35m. 45sec., the index error was -3' 25", and 
the height of the eye 18 feet ; required the longitude. 

On Oct. Id. the chronometer was lli. Gm. lOsec. slow on mean 
time, and daily losing •5sec. 

Dec. of « Arietis, 22" 52' 16" K 

R.A. „ 2h. Om. 7*55sec. 

Sidereal time, Oct. lOd. = 13h. 15m. 40-82sec. 

Ans. 8" 33' 57" '5 E. 

10. May 11, 1874, P.M., in latitude 48" 30' N., the chronometer 
showed 6h. 5min. 40sec. (it being May 12 a.m. at Greenwich), 
when the observed altitude of sun's L. L. was 37" 22' 10", the 
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index correction was + 3' 10", and the height of the eye above 
the sea was 18 feet; required the longitude. 

On April 19 at noon, the chronometer was fast on Greenwich 
mean time 20m. lO'Ssec, and its daily rate was 3'5sec. losing 
(1864). 

May 12d. Dec = 18° 9' 49"-4 K, H.D. +37"-7l 

„ Eq. oftime= -3m. 52"-31sec., H.D. -'053 

Semi-diameter = 15' 51" -7. 

Ans. 145° 30' 15" E. 

11. May 15, 1874, at 8h. 33m. A.M., in latitude 40° 40' K, 
longitude by account 179° 55' W., the observed altitude of the 
SUITS L. L. was 41° 30' 30", when the chronometer showed 
8h. 34m. 14sec., index error -2'0", and the height of the eye 
12 feet ; required the longitude. 

On May 1 at noon, the chronometer was too fast on Greenwich 
mean time Im. 15sec., and its daily rate was 3'2sec. losing (1865). 

May 15, Dec = 18° 53' 41"-3 K, H.D. +35*38. 

„ Eq. oftime= -3m. 53-49sec., H.D. -'020 

Semi-diameter, = 15' 50" -9. 

Ans, Longitude 180° E. or W. 

12. March 12, 1874, at 2h. 57m. p.m. (mean time nearly) in 
latitude 37° 30' N., and longitude 23° 50' W. (by account), when 
a chronometer showed 4h. 43m. 30sec., the observed altitude of 
the sun's lower limb was 33° 65' 50", the index correction was 
- 2' 5", and the height of the eye above the sea 20 feet ; re- 
quired the longitude. 

On March 1 at noon, the chronometer was fast on Greenwich 
mean time 9m. 22sec., and its daily rate was 3'5sec. gaining 
(1863). 

March 12, Dec = 3° 16' 5"-3 S., H.D. = -59" 

„ Eq. of time= -i-9m. 54-34sec., H.D. - '681 

Semi-diameter = 16' 7"-3 

Ans. Longitude 23° 56' 45" W. 

13. March 5, 1874, at 3h. 40m. p.m. (mean time nearly), in 
latitude 30° 20' S., and longitude by account 15° 29' E., when a 
chronometer showed 2h. 59m. 30sec., the observed altitude of 
the sun's L. L. was 35° 20' 40", the index correction was 
-f- 3' 10", and the height of the eye above the sea '18 feet; re* 
quired the longitude. 

On February 13 at noon, the chronometer was fast on Green- 
wich mean time 20m. 30sec», and its daily rate was 3'7sec. gain- 
ing (18«3). 

March 5d, Dec = 5° 59' 59":3 S., H.D. -*57"*93 

„ Eq. of time = -f-llm. 40-85sec., H.D. - -580 

Semi-diameter = 16' 9" -2. 

Ans, 15° 23' 65" E. 
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14. August 23, 1874, at 9h. 40m. p.m. (mean time nearly), in 
latitude 30'' 10' N., and longitude 23'' 6' W. by account, when 
a chronometer showed llh. ioa. 20sec., the observed altitude of 
« Pegasi E. of meridian was 43° 32' 20", the index correction was 
+ 2' 2", and the height of the eye above the sea 20 feet ; re- 
quired the longitude. 

On August 1 at noon, the chronometer was slow on Greenwich 
mean time 5m. 40sec., and its daily rate was 3'7sec. losing 
(1863). 

Aug. 23, Dec. of Markab = 14' 31' 52"*1 N. 
„ R.A. „ = 22h. 58m. 31 '66860. 

„ Sidereal time... = lOh. 6m. 26 '24860. 

Am. Longitude 23'' 5' 10^ W. 

15. Prove the formula by which the calculation in the above 
question is made (1863). 

16. May 16, 1874, before noon, in latitude 35** 10' 40" N., when 
a chronometer showed 4h. 10m. 21sec., the observed altitude of 
the sun's lower limb was 38" 59' 50", index error -2' 25", height 
of the eye 17 feet; required the longitude. 

On April 30 the chronometer was slow on Greenwich mean 
time Ih. 3m. 51sec., and gaining 3sec. per day (1861). 

May 16, Dec = 19" 7' 40"'7 N., H.D. +34" '57 

„ Eq. oftime= -3m. 52 '72800., H.D. -044 

Semi-diameter = 15' 50" '7 

Ans. Longitude 24" 14' 15" W. 

17. May 24, 1874, about Ih. 35m. A.M., in latitude 12" 17' N. 
and longitude by account 35" 20' W., when a chronometer 
showed 4h. 50m. 12sec., the altitude of Arcturus W. of the 
meridian was 38" 22' 20", the index error of the sextant minus 
53", and the height of the eye 18 feet. 

On May 8, at Greenwich mean noon, tho chronometer was fast 
on Greenwich mean time 51m. 18sec., and gaining l'5sec. daily. 
Find the longitude (1862). 

R.A. of Arcturus = 14 9 6674 

Dec. „ = 19 50 14'6N. 

Sidereal time. May 23d = 4 3 42 '94 

Ans. Longitude 35" 14' 17" W. 

18. What is the use of the chronometer? How is its rate 
determined? and how is it applied to find differences of longi- 
tude ? 

A chronometer is fast Ih. 12m. 30'5sec. at a place in longitude 
45" 18' 38" E. ; what is its error for a place in longitude 
12" 50' 18" W. (1864)? Ans. 5h. 5m. 6'2sec. fast. 

19. On March 7, 1874, the ship's apparent time at a place in 
Ipngiti^d^ 5^" ^' W. was found to be 20h. 25m. XOsec, and ifi9 
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chronbmeter showed llh. 29m. 408ec. ; what was tlio error of 
the chronometer on mean time at place and on mean time at 
Greenwich? 

On February 20 its error was Ih. 7m. ; show what it will be 
on April 10 (1869). 

Greenwich Date. Longitude in Time. 

h. m. 860. 
March 7d., 20 25 10 52'* 40',W. 
3 30 40 4^ 

aA,T. „ 7d., 23 55 60 6,0 )21,0 46 

3h. 30m. 40sec. 



Equation of Time. H.D. 

in. S6C« 

March 8d. = lo' 57*19 4^ 

•04 



+ 10 57-23 lO^V 



•628 

•042 
•001 

•043 



h. zn. sec. 

Greenwich App. Time, March 7d., 23 55 50 

Equation of Time, 10 57 23 

Greenwich Mean Time, March 8d., 6 47-23 

Chronometer shows, ... March 7d., 23 29 40 



Chronometer is therefore slow 37 7*23 

h. m. 860. 
On February 20d. the error was 17 slow 
On March 7d. „ is 37 7^23 slow 
.•. in 15 days it has gained 29 52*77 

* ni. sec. 

.'. in 1 day it has gained ''' ^^ * * = 1 59*51 

15 

, •. Kate Im. 59 •SI sec. gaining 

♦ thus 29 52^77 
4 

6,0 )11,9 3108 

Im. 59 '51 sec. 

m. Rec. 
In 34 days more up to April lOd. it will gain 1 59 "51 x 34 

34 

lh.7m.43^34sec. 
On March 7d. it was slow 37 7 '25 800. 

It9 error on April lOd. is , 30 3609fa8t. 
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20. May 16, at 6 a.m. nearly, in latitude 42** 37' N., longitude 
115° SC W., the observed altitude of the sun*s upper limb per 
artificial horizon was 27'* 45' 20", the index correction +3' 12", 
the chronometer showed 2h. 10m. 7'5sec.; what is the error of 
the chronometer (1864)? 

May 16, Dec = 19" 7' 40".7 N., H.D. = +34"-57 

„ Eq.oftime= -3 52" 72, H.D. = - 044 
Semi-diameter = 15 50"-7 

Am. 27m. 48'5sec. fast. 

21. What do you mean by the rate of a chronometer? Ex- 
plain' the ordiniury method used by navigators for finding the 
error and rate of a chronometer. 

22. At a place in latitude 63" 20' S., what is the apparent 
time when the sun's altitude is 18° 30', his declination being 
10° 10' S. (1870)? Ans. 4h. 50m. 25sec. W., 

or 19h. 9m. 35sec. E. 

23. Show how to find the hour angle or meridian distance of 
any celestial object from the observed altitude. How is it deter- 
mined whether it is east or west of the meridian (1863)? 

24. Investigate an expression for finding the hour angle of a 
heavenly body from the observed altitude (1864). 

25. Prove the rule for finding the longitude by chronometor 
(1866). 
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CHAPTER IX. 
AMPLITUDES AND AZIMUTHS. 

Definition of Amplitude and Azimuth — Their Use — ^Proofs — 
Sin. Amplitude = Sin. Dec. xSec. Latitude — ^Rules for Am- 
plitudes — Examples and Examination Questions — Azimuths 
— Proof for Azimuth — Rules — Examples — Illustrations. 

99. The Amplitude of a celestial object is its distance 
from the east point of the heavens when it rises, or from 
the west when it is setting. It is measured on the 
horizon. 

100. The Azimuth of a celestial body is its distance 
from the south point of the heavens in north latitude, 
and from the north in south latitude, at any time of the 
day. It is measured along the horizon from south or 
north towards east or west. Azimuth may be better 
defined as the angle at the zenith included between a 
circle of altitude passing through the body and the meri- 
dian of the observer. 

Amplitudes and azimuths are used in Nautical Astron- 
omy for finding the variatixyii of the compass, 

101. The Variation of the Compass has been so fiilly 
entered into in the small treatise on Navigation in this 
series of science works, as to render it unnecessary to say 
more here. The student is referred to what is there said 
on the subject. 

Every position of the sun or celestial object in the 
heavens corresponds to a certain time, or at any given 
time the exact bearing of a celestial object can be found. 
The compass will also show us the bearing of the same 
object ; if the compass bearing and calculated bearing 
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agree, then the compass has no error ; but if they differ, 
the difierence is the error of the comimss. 
103. Amplitude — To prove that 

Sin. amj)Utude = Hiii. declination x Sec. kit. 

When the latitude of a ship and the declination of a 
heavenly body are known, the amplitude of the body u 
thus found : — 

Let this figure be a projection 
of the sphere on the plane of 
the horizon ; let P be the posi- 
tion of the pole ; Z the position 
of the zenith ; X the position 
of a sun or star at rising. 
Then E X or E Z X is the ris- 
ing amplitude of the object; 
ZX is its zenith distance = a 
quadrant ; P X is its polar dis- 
tance, greater than 90° when at 
X, less than 90° at x. 

In the quadrantal triangle PZ X, fromNapier*s circu- 
lar parts. 

Sin. (90-PX) = Cos. (90 -PZ). Cos. PZX. 
.-. Cos. PX=Sin. PZCos. (90 + EX). 

But P X is polar dis., and polar dis. = 90 - declination; 
P Z is the co-latitude ; E X is the amplitude, and Coa. 
(90+EX) = Sin. EX. 

Therefore instead of 

Co3.PX=Sin. PZ. Coa. (90 + EX). 

We may write 

Cos. (90-dec.)=Sin. co.-lat. xSin. EX. 
.*. Sin. cfcc.= Cos. lat. xSin. amp. 

.-. Sin. amp, = ^^L^ =Sin. dec. x Sec. lat. 
Cos. lat. 

The same thing may as easily be proved from the 
spherical right-angled triangle P N a?, where P N a; is the 
light angle. 

21 B ^ 
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Sin. (90-PZ)=Cos. PN. Cos. Na: 
.-. Cos. PZ=Co3. PN. Sin. Eo; 
or Cos. 2>olar dw. =Cos. lot, x Sin. amp. 
Sin. c^ec. = Cos. lot, x Sin. anip. 
. •. Sin. amj). = Sin. dec. x Sec. lat. 

Utiles tojind the Amplitude : 

(a) Find the Greenwich date of rising or setting. 

(b) Correct the declination. 

(c) To log. Sin. declination add log. secant latitude, t 
sum (omitting 10) is log. Sin, amplitude, which must 
marked E. or W. according as the object is rising 
setting, and N". or S. according to the declination. 

{d) Observe how far apart these two bearings c 
asunder, then their distance apart, t.6., the sum if o 
is north and the other south, tiieir difference if both a 
north or both south. 

(e) Mark the amplitude E. if the true is to the right 
the observed or magnetic, W. if to the left. 

{f) The deviation is applied thus : if both are E., or bo 
W., then subtract ; if one is east and the other west ad 
then the variation is E. or W., generally as the greai 
is E, or TF., but the student must examine each c£ 
separately. 

1. On January 24d., 1874, in latitude 38' 42' 6" N., longiti 
9** 8' W., the sun rose by compass E. 21" S. at 7h. 6m. a. 
mean time ; required the variation of the compass. 

Longitude in time. 

9** 8' W. 
4 





Greenwich date. 




h. m. sec. 


January 2Sd. 19 6 
Long. 36 32 W. 




23d. 19 42 32 



6, 0)3,6 32 

36m. 32sec. 
Declination. 

January 24d. = 19M0' 29^-8 S. =36" -32 6,0)28 

+ 2 36-8 4-29 6,0)17* 




19' 13' 6-6 32688 4* 

7264 
14528 



6,0)1 5,5-8128 
2 35-8 
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Sin. amplUud€=Sia, declination x Sec. latitude, 

Dec. 19*13' 6" Sin. 9-617418 

Lat. 38 42 30. Sec. 10107716 



True amp. E. 24* 67' S. 
Obs. amp. E. 21° ( T S. 

Variaidon 



Sin. 9-625134 



3* 67' E. 

The 24^ 57' is marked S. 
because the declination is S. ; 
and E. because it is a rising 
amplitude. They are sub- 
tmcted to find the angle a Ob, wj 

The 3° 57' is marked E. be- a ^' 
cause by examining the figure, 
if O a be the observed ampli- 
tude, and O 6 the true, we see 
that the true 06 is to the right 
of O a when we stand in centre of the compass. 

2. On 16th August, 1874, at 7h. 5m. mean time at place', the 
sun set W. 16° S. in latitude 46° 40' N., longitude 63° 3' W., 
what is the variation of the compass ? 




Greenwich date, 
h. m. 860. 
Aug. 16d. 7 5 
Long. 3 32 12 

16d- 10 37 12 



Declination. 
Aug. 16d, = 13° 43' 64"-6 N. 

-8 24 

13 36 30-5 N. 



Longitude in time. 

63° 3' W. 

4 



6,0)21,2 12 



3 32 12 

H. D. 

-47" -47 
10-62 

9494 
28482 
4747 



6, 0)12 
6,0)3753 
10-62 



6,0) 50,41314 

8' 24" 

Sin. amplUude=Sm. dec. xSeo. lat 

Dec. 13° 35' 30" Sin. 9*371069 

Lat. 46 40 Sec. 10163623 

True amp. W. 20* 1' N. Sin 9-634592 
Obs. amp. W. 16 S . 

Variation 36 1 E. 
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The 20° r is marked N. because the declination is N"., 
and W. because it is a setting amplitude ; the two are 
added togctlier to find the vaiiation, for it is evident 
from figure that the sum is the difference of the bearings 
or the angle a O h'. 

The variation 36° 1' is marked E. because the true 
O h' is to the right of the observed O a' to a person 
standing in the centre of the compass. 

3. On May, Id. 1874, 6h. 50m. a.m. mean time, in latitude 
48" 17' N., longitude 30° W., the ampKtude of Spica when rising 
is observed to be E. 41** 10" S., required the variation. 

Dec. of Spica 10° 30' 22" -8 S. 

Sin. ampUtvde=.^m, dec. xSec. UU. 

Declination 10° 30' 22" -8 Sin. 9260894 
Latitude 48 17 N. Sec. 10-176886 

True amp. E. 15° 54' S. Sin. 9-437780 
Obs. amp . E. 41 10 S . 

Variation 25 16 W. 

Precisely as we have done in the last figure to show the 
position of the true and observed bearings of the sun in 
each of the two examples, so the student must in every 
case with Lis amplitude. He mv^t draw the figure, and 
then there can be no mistake. But instead of mark- 
ing them h and b' or a and a, it is more advisable to mark 
them true and obs. Then at a glance, supposing the position 
of the spectator to be in the centre of the compass, it is 
seen whether the true is to the right or left of the 
observed. 

All the following examples are taken from examination 
papers : — 

4. Define amplitude and azimuth. For what practical purpose 
are the ampHtude and azimuth observed at sea ? 

5. January 20, 1874, in latitude 47° 8' S., longitude 110° E., 
about 5h, 4()in. mean time, the sun rose by compass E. 10° 20' S., 
deviation 4° 50' E.: required the variation of the compass 
(1870). *^ 

January lOd. DcQ,=20° 18' 36" 4 S., H.D. -31"-74 

Ans. Var. and dev. 20° 29' E. 
Variation 15° 39' E. 
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6. August 31, 1874, at 6h. 26m. A.M., in latitude 35* 60' S., 
longitude 80* 10' E., the sun rose by compass due east (ship'a 
head E., deviation 8* 50' E.) ; required the variation (1871). 



Greenwich date, 
h. m. sec. 

Aug. 30d. 18 26 
5 20 40 

30d. 13 5 20 



Longitude in time. 

80' 10' E. 
4 



10 54 40 

Declination. 

Aug. 31d.=8-37'34"lN. 
+ 9 50-6 

8 47 24-7 



6,0 )32,0 40 
5 20 40 



H.D. 



30 


i 


54 '13 - 
10 




541-3 . 


20 


i 


27 06 


4 


i 


1804 


40 


\ 


3-60 
•60 


6,0)59,0-6 



9'50"-G 

Sin. amp. = Sin. dec. x Sec. lat. 

Sin. 8M7'25"d=log. 9*184174 
Sec. 35 50 ^.r=log. 10091127 

Sin. true amp. E. 10 52 N. =log. 9*275301 
Obs. amp. E. J^ K 

Var. and dev. 10 52 W. 

Deviation 8 50 E. 

Variation 19 42 W. 

7. State and prove the rule for finding the variation of the 
compass by observing the sun's azimuth (1867). 

8. May 19, 1874, at 4h. 50m. a.m., in latitude 19' 1' S., longi- 
tude 37" 18' E., the sun rose by compass E. 21" 18' N., the ship's 
head N.E. (deviation 10° E.); required the variation. 

May 19d., Declination 19' 47' 41"*4 N., H.D. = +32' 10" 

Ans. Var. and dev. 0" 24' E. 
Variation 9* 36' W. 

9. Prove the rule employed in the solution of the last question 
(1866). 

10. May 15, 1874, at4h. 20m. a.m., in latitude 23' 5'S., longi- 
tude 20' 13' W., the sun rose by compass E. 25' 23' N., the 
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sliiD'fl lioad being E. (deviation S° E.) ; required the variation 
(18^7). 

May 15d. Dec. =18* 63' 41'' '3 H.D. +35''-38 

Ans. Var. and dev. 4* 50' E. 
Variation 3** K^ W. 

11. State and prove the rule for finding the variation by an 
observed amplitude of the sun (1868). 

12. September 6, 1874, at 6h. 29m. p.m., in longitude 115** 10' 
E., lat. 58° 10' S., the sun set by compass due west (ship's head 
S.S.W.), deviation 5* W.) ; required the variation. 

September 6d. Dec. =6' 25' 16" -2 N. H.D. - 56" 

A718. Var. and dev. = 12* 18' E. 
Variation =17 18 E. 

13. Prove the rule applied in the solution of the above ques- 
tion (1865). 

14. Define amplitude, and show how to find the variation of the 
compass by an observed amplitude of the sun. Prove the for- 
mula you employ (1869). 

103. Azimuths. — ^Azimuth has already been defined lus 
the angular distance of a heavenly body from the south 
in north latitude, and from the north in south latitude. 
Wo have altitude azimuths and iitne azimuths. 
An altitude zimnth is to find the true azimuth when wo 
take the bearing of an object by compass and its altitude 
at the same time, then from these elements, with the 
latitude and polar distance, the true bearing is found. 

A time azimuth is to find 
the true azimuth by taking the 
bearing, and then noticing the 
exact Greenwich time. From 
this the apparent time or hour 
angle is foimd, which, with tho 
polar distance and co-latitude, 
mil give the true bearing. 

We have only now to deal 
with altitude azimuths. 
Let this be a projection on 
the plane of the horizon. Then S Z X is the azimuth if 
X be the position of the object, P and Z the pole and 
zenith. 
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By spherical trigonometry 

Cos -PTiv- ^Q^- I*X-Co3. PZOoa. ZX 

Sin.PZ. Sin. ZX 
but Cos. PZX=-Cos. SZXor-Cofl. Azim. 
. •. - Cos. Awm. = ^Q8. p, - Cos. co-kU. x Cos. zen. dis. 

Sin. co-lat. x Sin. zen. dis. 
-Cos. A .^^ - C?03. p. - Sin, lat. x Sin, alt. 

^ Cos. lat. X Cos. alt. 
add 1 to each side. 
• 1-Cog Azim '- ^^^' ^^^^' <^~Sin. I Sin. g + Cos. p. 

Cos. I. Cos. a. 
. o «;„ a Azim. _Cos. (a+Z ) + Cos. ». 
2 Cos. L Cos. a. 

=2 Cos. «+/+y . Cos. 5±iz£ 
2 2 



Cos. 2 ' Cos. a 

i 

. „. . . .Cos. ^±1±^ Cos. ^^ZP 

. •. Sin. Azim. = < 2 ' 2 



Cos. I. Cos. a 
or log. Sin. Azim. = J j log. Cos.(^±^')+log. Cos. iLt^-Z^ 

-log. Cos. ^-log. Cos a [ 
=i [log. Cos. «-±^ + log. Cos." +J-P 

+ log. Sec. ^+log. Sec. a j 

104. Amplitude. — Another proof. ^ 
Taking the equation, we started with 

Cos PZX- ^^^' ^X-Cos. PZ. Cos. ZX 

Sin. P Z. Sin. Z X 

P Z X being the azimuth, then 90 - P Z X is the 
amplitude from E. or W., the other quantities will 
i-emain as before, but in an amplitude the sun, etc., is on 
the horizon, and, therefore, the altitude is O .•. Cos. aa 1 
and Sin. a = O, so the equation 

Cos. Azim. =^PJI^5:A_Si?:JL becomes 

Cos. L Cos. a ^^ 
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r^ lan „,,,„ \-Cos. j7_Sm. dec. 
Cos. (90-amp.)-^— |-g_jj^ 

. *. Sin. a??ip. = Sin. dec, — Sec. lat. 
To resume the Azimuth. 
Rules for finding tits Azimuth of a celestial body. 

(1) Find the Greenwich date. 

(2) Correct the declination, and find the polar dis- 
tance. 

(3) Correct the altitude. 

(4) Put down in order polar distance, latitude, and 
altitude; take their sum and half sum; take the dif- 
ference between the polar distance and half sum ; next 
add together log. Sec. lat.^ log. Sec. cdt.y log. Cos. half suniy 
log. Cos. diff, o£ p and half sum ; divide the sum of these 
logs, by twoy and take out the sine of the result. Twice 
this is the true azimuth. 

(5) Having found the true azimuth, if in noiiih latitude, 
call it S. ; if in south latitude, call it N. ; if in the 
morning, call it E. ; if in the afternoon, W. 

(6) Find the variation of the compass as in the case of 
an amplitude. 

1. On June 12d., at 3h. 10m. p.m. mean time at ship, in lati- 
tude 34" 10' S., longitude 18** 20^ E., the sun's magnetic ampli- 
tude was N. 49** W., the altitude of the sim's lower limb was 
16** 49' 37", index error- 1' 17", height of eye 16 feet ; required 
the azimuth and the error of the compass. 

Greenwich Date. Longitude in Time, 
h. m. sec. 
June 12d. 3 10 18* 20' E. 

1 13 20 4 

12d. 1 66 40 6,0 )7,3 20 

Ih. 13m. 208ec. 

Declination. H.D. 

23' 10' 14" -8 N. +9 -41 6, 0)40 

. +18-2 1-944 6,0)5:6^ 
Dec 23 10 33 3764 — :944 

90 3764 

Polar dia. 113 10 33 5*69 

941 




18-29304 
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Obs. alt. =16*' 49' 37" 
Error - 1 17 

16 48 20 
Dip. -3 54 

16 44 26 
Semi 15 46 9 

17 13 
Kef. -3 1 

16 67 12 
Para. +8 

True alt. 16 67 20 

( Cos. I, Cos. a. ) 

To calculate true azimuth and compass erroi 

jp=113M0'33'' 

/ = 34 10 Sec. 10082281 

a = 16 67 20 Sec. 10019300 

2 )164 17 63 

82 8 56 Cos. 9135451 
113 10 32 

31 1 36 Cos. 9-932945 

2)19169977 

Half azimuth 22^37' 4" Sin. 9-684988 

2 

True azimuth N. 45 14 8 W. 

Obs. azimuth N. 49 W. 

Variation of compass 3 46 62 E. 

2. On November 10 day, at lOh. 15m. 20sec. A.M. mean time at 
Port Louis in the Mauritius, latitude 20" 10' N., longitude 57* 
31' 45" E., the sun's magnetic azimuth was S. 41** 38' 30" E., 
the altitude of the sun*s lower limb was 46° 35' 30", index correc- 
tion + 2' 17", height of eye 19 feet; required the azimuth and 
error of the compass. 

Greenwich dats. Longitude in time. 
1». m. sec. 67» 31' 45" 

Nov. 9d 2-2 15 20 4 

Longitude 3 50 7 E. 60^2^0 — 7 — 

G. M. T. Nov. 9d. 18 25 13" ' -'wio^ 7se«. 
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Declination. H. D. 
Xov. lOd. - IT ir 43" -2 8. +42"-14 
3 56 J^ 5-58 

Cor. dec 17 7 48 33712 

90 21070 

pd 107 7 48 ^21070_ 

6,0) 23,51412 

3' 55 "1 
To cori'C'ot the altitude. 

V 

Obs. alt 46* 36' 30" 

Index.. +2 17 

46 37 47 

Dip -4 15 

46 33 32 

Semi-diameter +16 11*8 

46 49 44 

Ref -54 

46 48 50 
Para +6 

True alt 46 48 66 

To calculate the azimuth and compass error 

p.ior r 48" 

^.. 20 10 Sec. 10 027476 

«.. . 46 48 56 Sec. 10 •1647-22 

2 )174 6 44 

87 3 22 Cos. 8-710611 
107 7 48 

20 4 26 Cos. 9-972782 

2 )18-875591' 

Half azimuth .... 15° 54' 15" Sin. 9 -437795 

2_ 

True azimuth S. 31 48 30 E. 
Obs. azimuth S. 41 38 30 E. 

Variation 9 50 E. 

Suppose the de-v-iation has been, for the position of t]i3 
.ship's head, 4° 12' W., 

The variation is found thus : 

Deviation and variation together = 9° 50' E. 
Deviation alone t= 4" 12' W . 

.-. Variation alone - W 2'E." 
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3. Ou February 9d., 1874, at 91i. 10m. 208ec. mean time at 
Plymouth, latitude 60' 22' 25" N., longitude 4° T 15" W., the 
magnetic azimuth of t Hydrsa was S. 23" 11' W., its altitude was 
JJS° 55' 20", index error -4' 17", height of eye 64 feet; required 
the variation of the compass. 

Dec. of • HydrsB, 6* 62' 47" N; Polar distance, 83'' T 13". 

To correct the altitude. 

Obs. alt. 38' 55' 20" 



Error... 


-4 17 




38 61 3 


Dip 


-7 10 




38 43 63 


Ref. .... 


1 12 



38 42 41 

To calculate the azimuth and find compass variation, 
p... 83* 7' 13" 



/ ... 60 22 25 


Sec. 10-195329 


a... 38 42 41 


Sec. 10-107735 


2)172 12 19 




80 6 9 


Cos. 8-832330 


83 7 13 




2 58 56 


Cos. 9-999412 




2)19-134806 


21' 40' 25" 
2 

True azimuth S. 43 20 50 W. 


Sin. 9-567403 




Obs. azimuth S. 23 11 W. 




Variation 20 9 50 E. 





Now suppose the deviation has been, for the position 
of the ship's head, 10° 8' W., 
We find the variation thus : 

Deviation and variation together = 20' 10' E. 
Deviation alone = 10' 8' W. 

.-. Variation alone = 30* 18' E. 



EXERCISES CHIEFLY FROM EXAMINATION PAPERS. 

(See remarks preceding the exercises in longitude. ) 
4. Prove the rule for fmdins; the true azimuth of the sun, 
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having civen the time, the altitude, and declination of tlie nxm, 
and the latitude. 

How can this be employed to obtain the variation of the com- 
pass (1871) ? 

5. On May 14, 1874, in latitude 46' Siy N., longitude 67' W E., 
the variation of the compass is 16* 20^ W. ; wishing to find the 
deviation when the ship's head is N.E. about Sh. 3(hn. A.1C. mean 
time, I observe the sun bears by compass N. 84"* W E., when 
the observed altitude of his L. L. is 14- 10' 36", index cor. - 4' 10", 
height of eye 20 feet (1870). 

Greenwich date. Longitude in time. 

May 13d. 20 30* 67" 30' E. 
4 30 E. 4 

13d. 16 0. 6,0 )27,0 

4h. 30m. 
.Declination. H. D. 

14d. = 18* 39' 22''-7 N. +36*17 a 14' W 36" 

4 49-4 8 Error -4 10 

'18 34 33-3 6,0 )28,9-36 14 6 26 

90 4' 49^*36 Pip ...... 4 28 

p = 71 25 27 14 1 68 

Semi 15 51 

14 17 49 
K. and P. 3 33 

14 14 16 
p= 71*25' 27" 

^ = 46 30 Sec. 10162188 

a= 14 14 16 Sec. 10013549 

2 )132 9 43 

66 4 51 Cos. 9-607936 

71 25 27 

5 20 36 Cos. 9-998109 

2 )19-781782 

Half azimuth 51* 3' Sin... 9-890891 
2 

S. 102 6 E. = N. 77* 64' E. 
X. 84 10 E. = N. 84 10 E. 

Variation and deviation 6 16 W. 

Variation 16 20 W. 

.-. Deviation 10 ¥E. 

6. January 26, 1874, at 7h. 30m. a.m., in latitude 45* S., 
Jongitude 150* W., the sun bore by compass due east (ship's head 
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E. by N., deviation 9' 66' E.), when the observed altitude of 
sun's lower limb was 17" 2' 10", the index correction - 1' 36", and 
the height of the eye 12 feet; required the variation (1871). 

January 26, Declination = 18' 40' 45" 2 S. H. D. = - 38' '04 

Semi-diameter = 0** 16' 16''-6 , 

Ans, Variation and deviation 9" 36' E. 
Variation 19'W. 

7. October 15, 1874, at 3h. 46m. p.m., in latitude 60** 12' N., 
longitude 160' 60* E., the sun bore by compass W. 10" 10' S. 
(sh4>'s head E. by N., deviation 11° 30' E.), when the observed 
altitude of the sun's L. L. was IV 29' 30", the index cor. + 3' 55", 
and the height of the eye above the sea 14 feet; required the 
variation (1868). 

October 15d., Declination = 8' 33' 53"-6 S. H. D. +65"-69 

Semi-diameter = 16' 6" -3 

Ans, Variation and deviation 18" 44' W. 

Variation 30°14'W. 

State and prove the rule for finding the variation of the com- 
pass by observing the sun's azimuth (1867). 

8. February fS), 1874, at 9h. 3(hn. a.m. mean time, nearly in 
latitude 43" 20' N., and longitude 17" 30' W., the observed alti- 
tude of sun's L. L. was 23** 10', index error- 3' 20", height of the 
eye 24 feet, the sun bore by compass S. 67° 50' E., and the devia- 
tion was 5" W W.; required the variation of the compass (1869). 
February 20d., Declination = 10** 52' 3" 9 S. H. D. -53"-94 

Semi-diameter = 0" 16' 12"-2 

Ans, Variation and deviation 21" 20' E. 
Variation 26" 30' E. 




CHAPTER X. 

THE MOON. 

Distance of Moon— Semi-diameter of Moon — ^Augmentation of 
Moon's Semi-diameter — Proof — Moon's Decimation — ^Roles 
to Correct Moon's Declination — To Correct Semi-diameter 
and Horizontal Parallaz — ^Hules — ^Bight Ascension of Moon, 
and Rules to Correct it — Moon's Meridian Passage and 
Ketardation-^Latitude by Meridian Altitude of the Moon — 
Examples — Eules — ^Examination Questions. 

The distance of the moon from the earth is 238,828 miles, 
or 30*1367 times the earth's diameter. She appears much 
larger than other celestial objects, because she is, com- 
paratively speaking, so very near us. Her diameter is 
2165 miles, while she is about -^ of the size of the earth. 
Her parallax varies from 29' 32'' to 33' 31". She moves 
round the earth at a velocity a little greater than 38 
miles per minute, taking 27*3216 mean solar days to 
complete one revolution; as she revolves on her axis once 
in a complete revolution, her length of day is the same, 
27*3216 of oiu: mean solar days. Her orbit inclines to 
the ecliptic at an angle of 6° 9'. 

In appearance the moon varies in size, because at one 
period she is nearer the earth than at another j during a 
total eclipse she just covers the sun ; during an annular 
eclipse she does not quite cover the sun, but leaves a 
bright ring all round ; this simple illustration shows that 
in appearance she varies in size. 

The exact time elapsing between two consecutive now 

full moons is 29d. 12h. 44m. 2*87sec. = 29*5306 days; 

is 18 because the earth has moved on in its orbit, so to 



MOON*S SEMI-DIAMETER. 



127 



reach her proper place for completing a revolution, she 
has t6 move on. Were the earth still, the period would 
be 27d. 7h. 43m. ll-5sec. = 27-3216 days; this is its 
sidereal period of revolution. A lunation or syiiodical 
period is 29*5306 days. 

105. Semi-diameter of Moon. — The semi-diameter of 
the moon is half the angle subtended by the apparent 
diameter at the eye of the observer. 

The true altitude of the sun, moon, or planets, is the 
angular pei^pendicular distance, if we may use such an 
expression, of their centimes from the horizon. Since it is 
impossible to judge with any degree of accuracy when the 
object is exactly bisected by the horizon, it is usual with 
observers " to bring the object down" until its upper or 
lower limb sweeps the horizon, and to such observations 
the semi-diameter, as given in the Nautical Almanac for 
each day, has to be applied. It is subtracted if the limb 
observed is the upper, and added if it be the lower. 
Upper limb observations are sometimes marked thus o, 
lower limb thus O,- 
When the moon is in 
the horizon at m, its 
distance from an ob- 
server on the surface of 
the earth at O, is greater 
than when.it is at M. 
The distance of the 
moon is not reckoned 
from the earth's surface, 
but from its centre. 
From a spectator at A 
the moon would be dis- 
tant 59 times the radius 
of the earth, while from 
one at C it would be distant 60 times its radius. Two 
observer, one at O, the other at A, would see the moon, 
971, differently; to A it would be in his zenith, to O it 
would be on the horizon ; but the spectator at A would ^t 
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see it 69 times the radius away, wliile the one at 
would see it farther away than this; hence, as the moon 
gets higher, its diameter will appear increased or aug- 
mented, lliis is what is known as the Augmentation 
of the moon's semi-diameter. 

We have shown above that the angular measurement 
of the semi-diameter of the moon depends upon the posi- 
tion of the spectator, or upon the length of the lines M C 
and MO. 

Let 8 bo the semi-diameter of the moon when at m ; 

Let {8 + a) „ „ „ „ M, 

where a is the augmentation due to decrease of distance. 

. MC _ »+a 

MO 8 

If MZ or ZOM is the apparent zenith distance z, then 
C M O is the parallax; call angle M O. . .^. 

.-. Since MOZ=MCO + CMO 

.-. MC0=M0Z-CM0=2-i?. 
Now above 

8+a _, MC _ Sin. M C _, Sin. MOZ _ Sin, g 

8 MO Sin.OCM Sin. OOM Sin. z-^i 

. 8+a _ Sin. a 

8 Sin. z-p 

r\^ 8+a , Sin. z , 
Ur, - 1 = g^ 1 

8 Sin. z-p 

. a _ Sin, z-aiD.,(z-pJ 



• • 



8 ^ Sm.(z-'p) 

••• Sin. A - Sin. B = 2 Cos. :^±? • Sin. :iz5 

2 2 

^^ 2z~p ^. Z'Z+p 
. a 2 Cos. -rr^ • Sin. —jr-^ 



• • ^* — 



• • 



Sin. (z - pj 
. ^ 2 Cos. (2 - |) • Sin. ^ 




* Bin, (z-p) 

2«Cos. (2 -|)- Sin. I 
.% a or augmentation = Bm.(z-p) 

= 28 Cos. (2 - I) Sin. I Cosec. (z-p). 
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The formula already proved 

Para, in aU, =hoz. parallax x Cos. app. alt, 
gives the value oipy or parallax in altitude, to be used 
in the above equation. 

To save trouble in correcting an altitude of the moon, 
a table is constructed from which the student at once 
takes the augmentation of the moon's semi-diameter; 
then, when the semi-diameter is corrected, it can be 
applied to the observed cUtitude to find the tnie, 

106. The Moon's Declination. — ^The moon does not pass 
over the same path in the sky in each successive year; 
it has to complete a cycle of 18-6 years before it moves 
in precisely the same path again. We said that the 
orbit of the moon inclines to the ecliptic at an angle of 
5° 9', the exact inclination is 5° 8' 48". The moon's 
declination is given on pages Y. to XII. of each month 
for every hour of the day, with the difference for every 
ten minutes. The declination of the moon is given as it 
would appear from the centre of the earth. 

We have now to show how the moon's declination is 
corrected. 

1. On Sunday, June 21d. 1874, at ei^t o'clock in the evening, 
the moon's declination is 2** 32* 59^*9N. decreasing, the diflfer- 
ence for ten minutes is 138'' *34; what is the declination for June 
21d. 8h. 24m. 128ec.? 

Declination. Difif. for 10m. Time. 

June 21d. 8h. = 2» 32' 59" '9 N. - 138"-34 6,0)1,2 

-5'W'7 2-42 2F2 

Cor. dec = 2" 27' 25" '2 27668 

55336 
27668 



6,0 )33,4-7828 
5' 34 "-7 



2.' The declination of the moon on the 25th June, 1874, at two 
o'clock in the morning, is 14** 48' 30" '1 increasing, the difference 
for ten minutes is 12r'*54; req^uired the decimation for June 
24d. 14h. 15m. 27sec. 

21 E I 
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Declination. Diff. for lOm. Time. 

June 24d. 14h. = 14" 48' 30"1 S. +121-54 6,0)2,7 

+y r-i 1-545 15:45 

Cor. dec = 14" 61' 37" '8 S. 60770 

48616 
60770 
12154 




6, 0)18,777930 

Rvlea to correct moorCa declination — 

Having taken out the quantities from the jSTa/uHcal 
Almcmacy reduce the minutes and seconds to decimals of 
a minute ; then shift the decimal place one to the left^ 
and multiply the difference by it. Add the difference if 
increasing, subtract if decreasing. 

(If the time be 40*85m., then multiply by 4'085m. ; 
or if 4'6m., multiply by •45m., etc.) 

3. Find the moon's declination for 1874, Jnly 19d. 23h. 18m. 
428ec., when at 23h. it is 4"* 49' 11"'3 S. increasing, difference 
for 10m. beinff 136*8. Ana. 4" 63' 27''-l S. 

4. Bequired the corrected declination of the moon for 1874^ 
July 21d. 20h. 25m. 308ec., when at 20h. it is W" 35' 48^-5 S. 
increasing, and difference for 10m. 121" *48. 

Ana, 14' 40' 68''-2 S. 

5. 1874, July 27d. at noon the moon's declination is 27'' 36' S. 
decreasing, difference for 10m. 23" '41; required the dedination 
for 29m. 21sec. Ana, 27" 34' 6r-3 S. 

6. 1874, September Id. at 9h. 50m. 20sec., required the de- 
clination of the moon, it being 20*" 17' 12" '1 N., increasing at 
9 o'clock, difference for 10m. = 120" 88. Ana. 20' 27' 20^ N. 

7. 1874, September 5d. at 21h. 45m. 9seo., required the de- 
clination of the moon, it being 2&* 33' 69" '8 K., decreasing at 
21h., difference for 10m =53" 66. Ana, 26" 29' 47"^ N. 

8. 1874, September 4d. at llh. 36m. 20sec., required the de- 
clination of the moon, it being 28"* 6' 40"*2 N. at 11 o'clock, and 
decreasing, difference for 10m. -72". Ana. 28* 6' 37"-6 N. 

9. 1874, December 16d. at 17h. 45m. 30sec., required the de- 
clination of the moon, it being at 17h. = 2' 14" S. decreasing, 
diflference for 10m. being 165" 78. Ana, W 20^-29 N. 

107. Semi-diameter of Moon, to Correct. — ^We have 
already explained why this correction is required, because 
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the apparent size of the moon varies. "The mooTtla 
semi-diameter is the angle under which her semi-Kliameter 
would appear if viewed from the centre of the earth, 
while 

108. ^'Horizontal Parallax is the greatest angle under 
which the earth's equatorial semi-diameter would appear 
if seen from the centre of the moon. The semi-diameter 
is requisite to obtain the position of the centre from an 
observation of the moon's limby as in all cases of altitudes 
or linear distances, the horizontal pa/raHax is required for 
computing the horizontal parallax of the moon at any 
given latitude od. the earth, considered as a spheroid; also 
for finding the parallax in altitude, right ascension, etc., 
for the purpose of reducing an observation of the moon 
made on the surface of the earth to what it would be if 
made at the centre." — Na/aiicdL Ahruma/:, The semi- 
diameter and the horizontal parallax of the moon are 
given on the III. page of each month in the Nautical 
Almcmac for noon and midnight of each day. 

10. 1874, September lOd., the semi-diameter of the moon at 
noon is 14' 55"-8, at midnight 14' 53"*2, the altitude above the 
horizon is 50** ; required the semi-diameter for September lOki 
5h. 4am. 



Difference and Correction. 


Semi-diameter 


Bequired. 


Sdmi-dia. at noon = 14' 55" -8 
„ midnight = 14' 63"-2 


Semi-dia. at noon 
Correction 


= 14' SS^-S 
-1-2 


Diff. for 12h. deer. 2*6 

58 


Aug. for 60' 


14' 64"-6 
11-1 


or,a8l2:5§::2-6:l-22 13-0 

1-7 


Cor. semi-dia. .... 


16' ©••T 


12)14-7 
Difference in SJh. 1 '22 







11. Sept. 23d,, 1874, the semi-diameter of the moon at noon 
is 16' 17'^-3, at midnight 16' 23" 9, the altitude above the horizon 
is 65^; what is the moon'9 semi-diameter for «Sept. 23 day 
8h. 15m.? ^ 
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Difference and Correction. 
Semi-dia. at noon = 16' 17" '3 
„ midnight = 16' 23"-9 

Diff. for 12h. incr. 6 6 

8i 


Semi -diameter Required. 
Semi-dia. at noon = 16' 17"-3 
Correction +4" -5 

16' 21" -8 

Aug. for 65° 16 


or,asl2:81::6-6:4-5 528 

1-6 

12)54-4 
Difference for 8Jh. 45 


Cor. semi-dia 16' 37" '8 



Rules for correcting the TnoorCs semirdittmeter : — 

(1) From the Nautical Almanac take out the moon's 
semi-diameter at noon and midnight, or midnight and 
noon, between which the required one lies. 

(2) Take the difference of these two, this gives the 
change in 12 hours. 

(3) Knowing the change for 12 hours, find the change 
for difference of time required, either by proportion or 
by multiplying by the given number of hours from noon 
or midnight, and dividing by 12. 

(4) Subtract the correction if decreasing, add it if 
increasing. 

(5) Then from the table find the augmentation. The 
altitude will be found on the left side, and the semi- 
diameter above the tables. This correction added to the 
semi-diameter, will give the correct semi-diameter of moon 
for given time. 

12. Find the semi-diameter of the moon for January 10 day, 
1874, at 15h. lOm. 45sec., when the semi-diameter at midnight 
is 14' 52" -5, and at noon next day 14' 55" 5. Am, 14' 63^*3. 

13. Find the semi-diameter of the moon for January 31 day, 
19h. 18m., when the semi-diameter at midnight is 15' 5"*7, and 
at noon February 1 day 15' 2" -3. Ans. 16' 3" '63. 

14. 1874, Apnl 1 day, the semi-diameter at noon is 14' 43" '6, 
at midnight 14' 43" *9. ; correct it so as to obtain it at half -past 
nine in the evening. Ans. 14' 43"*837. 

15. April 1 day at midnight the semi-diameter is as given in 
the last question, on April 2 day at noon it is 14' 44" '5 ; what is 
it on April 1 day 22h. 45m. ? Ans. 14' 44" -437. 

109. Bight Ascension of the Hoon.— Eight ascension 
has already been fully explained; with the declination of 
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the moon io given in the Nauticdl Almanac its E,. A. for 
every hour of the day, but no difference is given; still it 
has to be corrected for any Greenwich date that may be 
used. 

Rule to cm*rect the R. A. of the moon. — (1) Take out 
the two R. A.'s, between which the given date lies. 

(2) Take their difference. 

(3) This being the difference for 60 minutes, by propor- 
tion or otherwise find the difference for the minutes and 
seconds required. 

(4) Add this to the first E,. A. 

16. Find the right ascension of the moon for November 7 day 
18h. 16m. 30sec. G. M. T. 

Difference and Correction. R. A. required. 

h. m. sec. h. m. sec. 

Vav'T^o,, 18h. ) 14 10 6-48 18h 1410 5-48 

JNov. 7 oay, jgj^ J - 14 11 5635 16m. SOsec. 30489 

1 50-87^ R. A 1410 35-969 

87 
16i 



m. m. 
As 60 : 16i : : 1 5087 



29 33-92 
55-43 

6,0)30 29-350 



30^-489 

17. Find the R. A. of moon, when in longitude 80" W. it is 
1854, April 8 day, 13h. 20m. lOsec. mean time at Greenwich. 

Difference and Correction. R. A. required. 

h. m. sec. h. m. sec. 

A -1 o .„^ 13h. ) 18 36 59-76 
April 8 day, ^^ \^ -18 39 26-23 



20m. = ^ 
lOsec. = y^ 



13h 18 36 59-76 

20m. lOsec. 49 22 

2 26-47 R. A 18 37 48 -9a 



48-82 
-40 



49-22 

18. Find the R. A. of the moon, April 1 day 17h. 18m. 45sec., 
when at 17h. = 12h. 57m. 36-02sec. 

when at 18h. = 12h. 59m. 21-388ec. Ans, 12h. 58m. 8-945sec. 

19. What is the R. A. of the moon for May 8 day.9h. 10m, 
lOsec, when at 9h. = 21"' 6' 44" -96? 

when at lOh. = 2^ 9' 4" '67? Am. 2V T S"'6. 
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20. Find the B. A. of the moon for May 24 day I2h. 18m« 
45sec., when at 12h. = llh. 43m. 52*298ec. 

when at 13h. = llh. 45m. 38'048ec. 

Ans. llh. 44m. 25*3358ec. 

21. Required the correct B. A. of the moon for June 24 day 
19h. 12m. 12sec., at 19h. = 14h. 34m. 19'36sec. 

at 20h. = 14h. 36m. 14-868ec. 

Ans* 14h. 34m. 42'845fiec. 

To correct the horizontal poMraUoM of the moon : 
Correct the horizontal parallax in precisely the same 
manner as you would a semi-diameten 

22. Decemher 10 day, 1874, the moon's horizontal parallax at 
midnight is 55' 39'''9 at noon, next day 55' 53'''7 ; find what it is 
December 10 day 14h. 18m. 36sec. G. M. T. 

Di£ference and Correction. Horizontal parallax required^ 

H. P. at midnight 55' 39"-9 H. P. at nudnight 65' 39*-9 

H.P.atnoon 55' bZ"'l Correction +2"-6 

Diff. for 12 hours 13"-8 H. P. 65'42^-S 

231 

138 

414 . 

276 ' 

12 )31-878 

Diff. for 2h. 18m. 36sec. 2*656 

There is a reduction required from this for the latitude 
of the place, to be found in the tables, called the reduc- 
tion of the moon's horizontal parallax. The horizontal 
parallax requires reducing, because the earth is a spheroid, 
and not a perfect sphere ; but this is a subject that must 
be treated more fully in our advanced course. 

110. Moon's Meridian Passage and Setiurdation. — 

The time of the moon's meridian passage is foimd in the 
right hand column of the lY. page of the month in the 
Na/atical Almcmac, It is the Greenwich mean astro- 
nomical time to the nearest tenth of a minute at which 
the moon's centre is on the upper meridian of Greenwich, 
and is useful to indicate when the latitude may be ob- 
tained from an observed meridian altitude of the moon, 
ionally in the column is found no date ; this simply 
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means that the moon does not pass the upper meridian 
of Greenwich on that day, which is the case once in every 
lunation, and arises from the circumstance of the lunat 
day being longer than the mean solar day, and including 
it now and then between its limits. The lunar day on 
January 17d., 1874, is longer by Ih. l*4m. than the solar. 
It so happens that the moon passes the meridian January 
16d. 23h. 24 '4m. mean astronomical time at Greenwich, 
and does not return to the same meridian until January 
18d. Oh. 25 'Sm. The reason why a lunar day is 
longer than an astronomical day has been already 
explained. 

111. Retardation. — ^The moon's meridian passage is 
the mean time of its passage over the meridian of Green- 
wich. By applying retardation we correct the error 
arising from the imequal motion of the moon in right 
ascension. At any place situated in east longitude, the 
time of transit must take place earlier in proportion 
because of the moon's motion towards the east, while it 
will take place later at any place in west longitude. This 
change of motion, or retardation, is variable, since the 
daily motion of the moon varies between 40 and 60 
minutes of E».A. By subtracting a meridian passage 
from the one that immediately precedes it or follows it, 
we get the daily mdtion of the moon in E,.A. for 24 
hours or 360°; knowing the whole motion for 360°, it 
is very easy to find it for any longitude the observer may 
be in. To find this retardation when the longitude is 
west, you take the difierence betweeh the meridian 
passage Of th^ given day and the follbwing day, and add; 
but if the longitude be east, you take the difference be- 
tween th^ given day atid the preciedihg, and subtract^ 
after finding the proportibnal change for tte " longitude 
in." The following two illustrations will show practically 
what is meant : — 

1. Find the Greenwich date of the moon's meridian passage 
January, 1870, 21d., in longitude 140' W. 
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Meridian passage Jan. 21d. is at 3 13*3 
»> If }) 22d. ,, 4 3'2 

Ketardation f or 360"* 49*9 

Retardation for !• ^!^ 

360 

Retardation for 140' 499x140 -.^g.^p^^ 

. l360^ 
Greenwich date of Meridian Passage. Longitade in time. 

h. UL sec. 
January 21d, 3 13 18 140' W. 
Retardation +19 24 4 

21d. 3 32 42 6, 0)56,0 

Longitude W. 9 20 9h, 20m. 

January 21d. 12 52 42 

2. Find the meridian passage of the moon January, 1874, 12d. 
in longitude 125"' 30' E. 

Looking in the ^cmtical Almanac we see the meridian 
passage in 19h. 41 '7m., which is next day, civil time, and 
so we see how necessary it is to pay attention to the 
astronomical date. We have, therefore, to take out the 
one opposite the 11th day, and as the longitude is E. the 
10th day also to find their difference from which to 
calculate the retardation. 

b. m. 
Meridian passage January lOd. is at 18 14*8 

„ lid. „ 18 56-6 

41-8 

Meridian Passage. Long, in time. Retardation. 

Greenwich date. 125'* 30^ E. 4r'-8 . 

h. m. sec. 4 125^ 

18 42 1-7 St. 22m. ^^ 

Long, in time 8 22 E . ^ 0)5245*9 

January lid. 10 20 1*7 ' 6)87 25*9 

14' 34" -3 

Rules for obtaining the Greenwich date for tlie 
m&ridia/n, passage of the moon : — rilZ, 

(1) Take out the meridian passage from the Nautical 
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Almoma/i for the given day, but if it is after midnight, 12 
o'clock, take the passage for the previous day. 

(2) Take ont also the meridian passage for the day 
before if it be east longitude, or the succeeding day if it 
be west longitude ; and find the difference between the 
two passages taken out. 

(3) Multiply the difference by the longitude, and 
divide by 360 ; this is the retardation to be added if in 
W. longitude, subtracted if E. 

(4) Apply the longitude in time. 

3. What time will the moon pass the meridian on June 21d., 
1874, at a place in longitude 55^ E. ? 

Meridian passage June 20d. =5h. 22 '8m. 
„ „ „ 21d.=6h. 2-8m. 

Ans, June 21d. 2h. 16m. 4r48ec. 

4. At what time will the moon pass the meridian of the 
Lizard, latitude 49'' 57' 42" N., longitude 5' 12' W., on May 14, 
1874? 

Meridian passage May 13d. =22h. 34 '8m. 
„ „ „ 14d.=23h. 29'6m. 

Am, May 13d.'22h. 56m. 23'2sec. 

5. Find the time of the moon's upper transit over the meridian 
of Sydney, longitude 161° 14' E., on June 12, 1874. 

Meridian passage June lOd. =21h. 16 '9m. 
„ „ „ lld.=22h. 12'2m. 

Ans, June lid. llh. 44m« 2'2sec. 

6. At what time will the moon culminate on the meridian of 
Valparaiso on May 30d., 1874, in longitude 71' 40' 30" W. T 
Meridian passage May SOd. = llh. 40*8m. 

„ ,. „ 31d. = 12h. 33-3m. 

An8, May 30d. 16h. 37m. 57sec. 

7. At what time will the meridian passace of the moon take 
place on September 18d., 1874, at a place in longitude 45** 10' W.? 
Meridian passage September 18d. =5h. 38 '7m. 

„ „ „ 19d.=6h. 33'5m. 

Ans. September 18d. 8h. 46m. 15sec. 

8. Find the time of transit of the moon over the meridian of 
St Helena, longitude 5"' 44' W. on October 28d. , 1874. 
Meridian passage October 27d. = 14h. 22 'Im. 

„ „ „ 28d. = 15h. 251m. 

AnB. October 27d. 14h. 46m. 28ec. 

9. On October 23d., 1874, in longitude 45° 30' E., the observed 
meridian altitude of the moon's L.L. was 50** 25' 20*^ bearing S., 
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index error wm - 1' 25", and height of eye above tiie sea 12 feet ; 
find the latitude. 

II* iii« 
Meridian passage October 22d. = 9 43*2 
„ „ J, 23d. = 10 33-9 

60-7 

Meridian passage in G. M. T; Ketardation. Longitude in time, 
at observer's position, etc. ^ 50*7 x45i 45* d(K E. 



h. m. seo.l 
Obtober 23d. 10 33 54 / 

-6 24-4 

10 27 29-6 
Longitude E* ' 320 

G4D.October23d* 7 25 29*6 

To correct seini-diameter: 

Semi dia. no6ii=W2S''A 
,, mid. = 16 42-3 

3-9. 
7-42 

6678 
2226 

1 2)28-938 

2-41 

Semi-diameter; 

16' 38''-4 

^ +2-4 

. i6 40*8 
Aug. ' 13*6 

16 54*4 



Beclinatioii of mooii; 

At7h. = r67'15"-5N. 
7 36 

2 4 51-5 



360 



=6m.24*4flec. 6, 0)18^ 

3h. 2m. 

\i. m. «ea honn. 
7 25 29*6=7*42 



To correct horizontal parallax* 

H.P. noon 60^ 67"*8 
mid. 61 12*3 



>> 



14-5 

7*4Sl 

290 
,680 
1015 

12 )107*59 

8*966 

Hor. pani. 

60* 67''*8 
8*96 

61, 6*76 
Red... 6^ 

61 1*7 
60 

3662 
Correction. 



30 



i 




+ 178*82 
2 

357*64 

' 89*41 

8*94 

6,0) 45,5*99 

736 
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To correct the altitude and find altitude* 



»h' 



Obs. alt. is 50*25'20" 

I Index error -1 25 

50 23 55 

Dip -3 22 y. 

50 20 33 
Ref. -47 

50 19 46 

Semi-dia +16 54 H.t. 3662 = log. 3-663tld 

App. alt 50 36 40 Co8.=log. 9'802487 

Para, in alt +38 43 2323 = log. 3 '366205 

tTruealt 51 15 23 

_90 

Zen.diSi. 38 44 37 N* 

Dec 2 4 51 5 N. 

Latitude 40 49 28*5 N* 

We will tiy and thoroughly explain the manner iH 
which this problem is worked, as there are several little 
difficulties not yet perhaps sufficiently elucidated, aM 
while doing so thII give the 

Rules for obtaining latitude by tlve meridian altitude of 
tJie moon. 

(1) Meridian passage is found as j)reviously explained, 
br rather the exact time is found at Greenwich when the 
moon passes the meridian of the observer; The proper 
correction for retardation Inust not be omitted. 

(2) Correct the semi-diameter and hbrizontal parallax, 
being careful to take out in each case tlie twb from thiei 
Nautical Alm^anac, between which the required seini- 
diameter and horizontal parallax lie. The semi-diameter 
has to be augmented from the tables according to its 
altitude and apparent size. 

The horizontal parallax has also to be reduced. This 
reduction depending upon the latitude and parallax, is 
also taken from the tables.* The latitude wherewith to 

* The tables used throughout are Biddle's, but the publishers 
of this work have in the press a volume of tables for the use of 
students of Navigation and Nautical Astronomy. 



I 
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do this is obtained roughly ; for instance, we see, aftet 
applying the semi-diameter, that the altitude is about 
51°, this subtracted from 90** leaves 39°, then 39° + dec = 
41°, which is the latitude nearly, with this latitude the 
reduction of the moon's horizontal parallax is found in 
the tables. 

(3) Having found the horizontal parallax, we obtain 
the parallax in altitude from the formula 

para, in aU, =?ior. para, x Cos. app. alt. 
Taking out log. H.P., and adding to it log. Cos. app. 
alt., gives the parallax in altitude, which is always added 
to bring the moon to its true geocentric position. 

(4) The problem is finished as an ordinary meridian 
altitude. 

10. October 20, 1874, in longitude 68* 40' W., the observed 
meridian altitude of the moon's u^per limb was 59* 18' 45'' (zenith 
south), index error + 2' 17", height of eye 10 feet above the 
sea ; in what latitude is the observer ? 

h. in. 
Merdian passage October 20d . = 8 1 *7 
„ „ „ 21d.=8 62-8 

Eetardation for 24h. or 360'= 6M 

. •. Retardation for 68* 40'= ^^'jfjl^^ =9m. 44'8«ec. 

. 360 

Greenwich Mean Time at place. ' Longitude in Time. 

h« m. sea 

Meridian pass. October 20d. 8 1 42 6S* 40' W. 

Eetardation 9 44*8 4 

8 11 26*8 6,0 )27,4 40 

Longitude W. 4 34 40 ^h. 34m. 40sec. 

October 20d. 12 46 6*8 

46m. 6*8sec. = '77 neariy. 

To correct semi-diameter. To correct horizontal parallax. 

Semi-dia. mid. 20d.= 16' 6" -6 H. P. at mid. 20d. = 68' 67''-9 

„ noon 21d. = 16' 13"-3 „ noon 21d. = 59 ' 25^-9 

7-7 28; 

j77 -77 ( 

539 196 

639 196 



k 



1 2)5-929 12 )21-56 

•494 1*8 
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Semi-diameter. Horizontal Parallax. 
Mid. 16' 5"-6 Mid. 68' 57"-9 
;49 1-8 

16 609 68' 59"-7 

Aug. 14-6 Ited. 6"-3 

16 20-69 58' 53"-4 

60 

3633 

Declination. Correction. 

Atl21i. =16* 26' 66" '8 8. -138"-83 

-10' 40 4-61 

Cor. dec. = 16° 16' 16"-8 S. 13883 

83298 
66632 

6,0 )64,0-0063 

10' 40" 

To correct altitude and find latitude. 

Obs. alt. is 69° 18' 46" 
Index error +2 17 

69 21 » 2 
Dip .^ -3_5 

59 17 67 
Bef raction - 34 

59 17 23 

Semi-dia -16 21 H. P. 3633 log. =3-548144 

App. alt 769 i 2 Cos. log.=9-711622 

Para, in alt. +30 18 1818 log. =3-259766 

True alt 59 31 20 

9 - 

Zen. dis 30 28 40 S. 

Dec 16 16 16 -8 S. 

Latitude 46 44 56-8 S. 
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EXERCISES FBOH EXAMINATION PAPERS. 

1. How are the moon's semi-diaineter and horizontal parallax 
to be found for a given ship date? 

June 5d., 1874, at 5h. 30m. p.m., in longitude 35** 15' W. 

(1866). 

1 Semi-dia. Hor. Fara. 

Noon 16' 6r'-5 58' 6"-l An9, Semidia. 15' 54 

Midnight 15 55*4 58 20*4 Hbr. para.58' 15"*45. 

2. How is the mean time Greenwich date of the moon's^meri- 
dian passage on a given day in a given longitude found? 

May lid., 1874, civil date, in longitude 54*" E. (1867). 

Meridian Passage, May 9d. is 19h. 12*9m. 
„ „ lOd. is 20h. 3*2m. 

Ana, lOd. 16h. 19m. 39*3Bec. 

3. How is the moon's declination taken out from the Nautical 
Almanac with a given Greenwich date? 

July 4d., 1874^ at 3h. 15m. 20sec. p.m. in a place, longitude 
36" E. ; required the declination of the moon (1867). « 
Dec. July 4d. Oh. = W 25' 9"*3 S. DiflF. for 10m. + 153**87. 

4. How is the moon's semi-diameter taken out of the Nautical 
Almanac for a given Greenwich date? 

Aug. 18d., 1874, at 5h. 30m. A.M., in a place whose longitude 
is 45° 30' E. ; required the moon's semi-diameter (1868). 

Semi-dia., Midnight, Aug. 17d. = 14' 47"*1 
„ Noon, Aug. 18d. = 14' 48" 

Ans. 14'47''*28. 

5. What is a parallax? How does it affect the apparent posi- 
tion of a heavenly body? What is meant by the augmentation 
of the moon's semi-diameter (1868)? 

6. August 2d., 1874^ in longitude 24<* 35' 20" E., the observed 
meridian altitude of moon's L. L. was 67*" 18' 30", zenith S. of 
moon, index correction •f4' 35", height of the eye 24 feet; re- 
quired the latitude (1868). 

Mer. Pass. July 31d. = 14h. 41 •2m. 
„ Aug. Id. = 15h. 30-3m. 
Dec, Aug. Id. 13h. = V 54' 27" 4 S. Diff. for 10m. = - 168" -65 

Semi-dia. Hor. Para. 
Midnight, Aug. Id. 16' 18"-2 59' 44" 
Noon, „ 2d. 16' 17"1 59' 42" 2 

Ans, Lat. 23" 43' 36".3 S. 
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Adjustments of Sextant, 51. 
Altitude, 12, 63. 
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on the Mendian, 94. 
Amplitude, 12, 112, 118. 
Apparent noon, 21. 
place, 63. 
Solar Day, 21. 
„ Time, 21, 32. 
Artificial Horizon, 91. 
Astronomical Day, 22. 
„ Time, 60. 

Augmentation of Moon's Semi- 
diameter, 128, 
Axis, 15. 

Azimuth, 11, 112, 118. 
„ Circle, 11. 

Celestial Meridian, 11. 
Chronometer, 56. 
Circles of Altitude^ 11. 

„ Declination, 10. 

„ Latitude, 12. 
Civil Day, 22. 

„ Time, 60. 
Compass, 112. 
Compensation Balance, 66. 
Compression, 15. 
Corrections, 63. 

Day, 21, 82. 

„ and Time, 20. 
Declination, 13, 74. 

„ to Correct, 74. 
Definitions, 9, 16. 
Dent's Compensation Balance, 58. 
Diameter, 15. 
Dip, 64. 

Eabth a Sphere, 17. 

Ecliptic, 12. 

Equation of Time, 20, 33, 74, 77. 

Equator, 10, 15. 

Equatorial Diameter,l$. 



Equinoctial Points, 18. 
Equinoxes, 14 
Error of Chronometer, 66. 
Examples, 80, 44, 61, 78, 79, 92, 95, 
104, 106, 123, 187. 142. 

Grvat Cirde, 10. 
Greenwich Date, 27. 

Horizon, 11. 

„ Artificial, 91. 
,, Glass, 48, 61. 
Horiiiontal Parallax, 131. 
Hoar Angle, 84, 42, 106. 
„ Cirde, 10. 

Index Bar, 49. 
«ll „ Error, 62. 

„ Glass, 48, 61. 
Instruments. 

Latitvdx 12. 

„ by Cironm-Polar Star, 84. 
by Meridian Altitudes, 82. 

Moon, 189. 
„ by Merdian Altitudes of a 
Star, 88. 
Length of Day, 82. 
„ Year, 88. 
Longitude, 12, 96. 

„ by Aooount, 106. 
„ by Chronometer, 90. 
Lunar Day, 82. 






Mean Noon, 21. 

„ Sun, 20. 

„ Solar Day, 21, 81. 
„ Tear, 2L 

„ Time, 21, 32, 84. 
Meridian of Obsenrer, 11. 



„ jLtmmm^'df 134. 

Moon, 126 

Moon^s Dedinittion, 120, 
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Moon's MeridUa Faaaage, 184. 
„ Bight Aaoenaton, 182. 
„ Semi-diameftttr, 127, ISO. 

Nadib, 10. 

Naatical Inttnunehti, 47. 

Obliquity of Ediptio, 13. 

Parallax, 70. 

„ HorixoDtal, 131. 

PanUlels of Altitude, 11. 

DeolioatioD, IC. 
Polar Diameter, 15. 
,, Distance, IS. 
Poles, 10, 15. 

Precession of the Equioozes, 14. 
Prime Vertical, 12. 

Bate of Chronometer, 60. 
Beading of Chronometer, 60. 
BeftracUon, 67. 
Betardation, 135. 
Bight Ascension, 11. 

of Meridian, 83, 35. 

of Moon, 132. 






Semi-Diameteb of Moon, 127. 
Sextant, 47, 50. 
Shape of the Earth, 14 
Sideral Day, 21, 31. 

„ Noon, 21. 

„ Time, 21, 34, 43. 
Year 22. 
Signs of the Zodiac, 13. 
Solar Day, 3L 
Sphere, 17. 

TABLBofDip, 66. 
Telescope, 48. 
Time and Arc, 22. 
Time Stars Pass Meridian, 37. 
Near .. 3<J. 
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Vabiatton of Compass, 112. 
Vernier, 29. 
Vertical Circles, 11. 
(Prime), It 
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Year Length, 33. 
Zenith, 10. 

Distance, 12, 13. 
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Zodiac, 13^ 
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